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Abstract 
Recently concern about aviation security has focused on the work of airport security 
screeners who detect threat items in passengers' luggage. An effective method of training 
and screening is required for improving screeners' detection abilities and performance to 
cope with the unreliable human performance of screening. The overall aim of this thesis is 
to understand and define the potential visual and cognitive factors in the task of 
inspecting airport passengers' X-ray luggage images, examine usability of perceptual 
feedback in this demanding task and develop a new method of salient regions which 
assist screeners to detect targets. The result of this work would obtain knowledge and 
skills of X-ray luggage images examination, provide insight into the design of training 
system and develop a method to significantly enhance screeners' detection ability. 
A questionnaire was developed for screeners to extract the expertise of the screening 
task and investigate the effect of image features on visual attention. A series of 
experiments were designed to understand the screening task and explore how 
knowledge and skills are developed with practice. Results indicated that training under 
time stressed conditions is recommended for ensuring adequate high detection ability in 
real life situation as screeners have to balance accuracy and speed in time pressure. The 
advantages of screeners are better detection ability and search skills which were gained 
by experience of the search task. Hit rate of naive people was improved with the 
perceptual exposure of images of threat items. However, scanning did not become 
efficient. It has demonstrated that detection performance and search skills are improved 
by the practice of frequency exposure targets in the search task and such ability partly 
transfer to novel targets. Learning in visual search of threat items is stimuli specific such 
that familiarity with stimulus and task is the source of performance enhancement. Threat 
items should be updated constantly and massive amount of X-ray threat objects should 
be employed for airport security screeners training so as to enlarge object knowledge and 
enhance recognition ability. 
Perceptual feedback of circling areas with dwell duration longer than 1000ms does not 
Significantly improve observers' detection ability in the airport screening task. Features of 
bags and threat items influence initial attention and attention allocation in the search 
process. Salient regions, based on the pure stimulus properties, not only contain most of 
targets in X-ray images but also improve observers' detection performance of high hit rate 
by forcing observers to scrutinize these areas carefully. 
Key words: airport X-ray luggage images, threat items, visual search, eye movement, 
training, saliency map 
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Chapter 1 
Introduction 
Chapter 1 Introduction 
1.1 Background 
1.1.1 Airport X-ray luggage image inspection 
Air passenger luggage inspection within aviation security has become an important topic 
of how to keep explosives and other potential threats to passenger safety off aircraft. A 
large number of funds have been invested for enhancing aviation security since the 
events of 9/11, for example, the American Transportation Security Administration (TSA) 
has contemplated using computed tomography (CT) technology for screening carry-on 
bags. However, data about aviation security from the U.S. Government Accountability 
Office (GAO) (2006) shows that the technology for luggage examination has not changed 
much, primarily as CT is more expensive than current X-ray systems and also for other 
reasons such as the requirement such a technology change would mean in terms of 
personnel training . The X-ray screening system is still the key and essentia l 
non-destructive inspection of airline passenger luggage method to detect prohibited items 
in use worldwide. 
Figure 1.1 X-ray screening system for screener operation and inspection 
(Soeing, 2005) 
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The types of items prohibited are: weapons; explosives; incendiaries, and items that are 
seemingly harmless but may be used as weapons (so called 'dual use' items). These are 
defined into two categories: 
1) Commonly identifiable items, such as guns, bullets and knives. 
2) Explosive devices, improvised explosive devices (IEDs), components and 
possible supportive electronics. 
From 'shoe-bombs' to the recent UK liquid explosives plot, terrorist threats are both 
productive and diverse. To ensure continuing aviation security the permitted and 
prohibited items are updated as necessary. For example, after the UK liquid explosive 
plot in the summer of 2006, liquids have become a restrictive item so that any liquid, 
cream and bottle now has become a target when screeners search X-ray images. 
In air passenger luggage screening, the passengers put their carry on bags on to a 
conveyor belt which carries the bag into an X-ray tunnel. The X-ray machine scans the 
objects in the moving luggage on the conveyor, their profiles are then computationally 
reconstructed as X-ray images on-screen (see figure 1.1). Security screeners then 
examine the image, controlling the movement of the luggage items through the X-ray 
tunnel (e.g. bags can be moved backwards for rescreening if necessary) and can halt an 
item for more detailed examination. Any bag suspected of containing a prohibited item 
is then hand searched . If an explosive device is suspected then the bag is held within 
the X-ray machine and security aid summoned. 
The ability of X-rays to penetrate an object depends on the object's density. The higher 
the density of an object, the harder it is for X-rays to penetrate. Traditionally, prohibited 
weapons are metallic guns and knives, which are characterized by a high density 
response within the X-ray images and are generally easily recognized by screeners. 
However, new prohibited threat items, composed of plastic, glass and wooden sharp 
objects that can be used as a weapon, have more recently been added. These materials 
have low density responses in X-ray projections and so are hard to recognize by 
screeners. Moreover, improvised explosive devices include some low density materials 
that appear as relatively ambiguous shapes in X-ray images and which make these 
threats very hard to recognize. The human detection ability of IEDs is very important for 
aviation security as GAO (2004) has reported that explosive detection systems have not 
been utilized for 100% of baggage items. Therefore, detection of explosives relies heavily 
on human performance. 
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The most useful information provided by the traditional single-view X-ray technology 
and expressed within a luggage image is an object's density. This loses the texture 
and the colour of the object, and can make the object's edge and shape indistinct. 
X-ray image segmentation, enhancement, pseudo colouring and image fusion techniques 
are used to process the image, highlight items, de-clutter scenes, and clearly display 
objects, thus distinguishing objects in luggage items better, especially potential threats. 
Specific image enhancement functions available on such X-ray systems include 'colour 
image', 'crystal clear', 'variable density zoom', 'inorganic materials ' and 'black and white'. 
These are all provided to highlight dark areas and make the image appear clearer. Colour, 
which is used to define different densities of objects in the X-ray image, could facilitate 
information processing and aid the screener in recognizing objects in X-ray luggage 
images. 
The visual search task of the displayed baggage image still relies heavily on the human 
interpretation of these luggage images in order to detect terrorist threat items. Unreliable 
human performance in screening leads to the constant and significant potential terrorist 
threat to aircraft and passengers. Unfortunately, screeners work under high levels of 
noisy and time-pressurized environments and search for weak, infrequent and 
changeable targets in these two-dimensional X-ray images; so it is arduous for security 
screeners both to maintain a high level of vigilance and an updated current knowledge 
about how to detect recurrent 'novel' threat targets among cluttered backgrounds. 
1.1.2 Training systems 
Air X-ray luggage image inspection is a challenging task for the human limitations of 
perceptual and cognitive flexibility (Harris, 2002). Although a lot of state-of-the-art 
equipment is used to facilitate threat detection, these work effectively only if people 
operate them properly. All equipment has to be monitored, interpreted and controlled by 
airport security screeners. Screeners must come to the job with the skills and knowledge 
required both to ensure passengers' safety and also so that the security inspection task 
does not lead to severe delay to passengers. Screening is always under pressure to be 
accurate whilst also facilitating passenger throughput. With the number of air travellers on 
the rise and an ever present possibility of a terrorist threat, the challenge of training is to 
ensure security personnel perform their duties thoroughly yet efficiently in this fast-paced 
environment. Training for improving detection and recognition abilities of screeners is 
essential for this challenging task. The following are several training systems which are 
currently available. 
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Threat Image Projection (TIP) 
Threat Image Projection (TIP) works through monitoring the screener's performance by 
discretely projecting computer-generated threat images into X-ray luggage images of a 
passenger's bags, detecting the screener's response to these threats, and recording the 
threat projections and screener's response into a database. The threat images are stored 
in a Threat Image Library that provides a means that randomly inserts threat images into 
passenger bags as they pass through the scanning machine. Currently, the Threat Image 
Library consists of 2,400 images and is intended to provide X-ray images of past, current 
and potential threats to screeners. TIP works alongside everyday screening and when a 
screener detects a projected threat then the system gives feedback that this was a TIP 
and not a real threat. 
TIP helps screeners detect both real and projected threats. Its advantage is 'real time' 
operation and the database collection makes it an excellent tool for screen er performance 
evaluation. Information in the database can be collected and reports are generated by the 
security manager. Those reports are analyzed to evaluate both the individual screener 
and overall performance. 
The Threat Image Library gives screeners a chance to study new and unseen threats. 
Additionally, TIP maintains an Image Archive of missed projected threats for the screener 
to review. Images may be scrolled forward and backward in Image Retrieval Mode. All 
image enhancement features that are used in routine screening, including; organic 
stripping, pseudo colour, etc. are available during the Image Retrieval Mode. 
EDTEC Air Security Simulator 
This is an on-line learning simulation game that was designed by the Educational 
Technology department of San Diego State University to train airport security screeners 
to detect the threat items in X-ray images of carry-on luggage. It is designed to 
accommodate various screening skill levels from novice trainees to expert screeners by 
four levels of training grades. The threat item library is updated and the virtual scenarios 
are customized by desi.gners who work with aviation agencies. Trainees are allowed to 
halt the simulation and review the 3D drawing of threat items at any time, however to do 
so will affect the user's score (e.g ., time) of entering the next training level. 
A key motivation of this simulation is to appeal to the competitive nature between trainees. 
The faster and more accurately a trainee works, the higher the score. If the score is high 
enough to move to the next level, he or she receives a congratulation message. If the 
4 
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score is too low, an encouragement message will appear. The top score of every level is 
listed to let trainees know how close their scores are to the top one. 
X-Ray Tutor 
X-Ray Tutor uses an individually adaptive algorithm to design training sessions for each 
individual based on detection performance, response time and X-ray image difficulty 
ratings (Schwaninger, 2005) . An easy X-ray image is provided at the beginning of training. 
Then, the view difficulty is increased and trainees learn to detect threats at different 
viewpoints. Once a threat in a difficult viewpoint can be identified, it is presented inserted 
within more complex bags and with more difficult superposition. 
Trainees can review any X-ray image to learn where threats are located and what they 
look like, both in X-ray view and standard photographic view. X-Ray Tutor provides 
detailed feedback about performance at the end of each training session . This system 
adapts to each individual and displays more difficult images to a better trainee. The data 
from training can be imported easily into standard Microsoft Office software or analysis 
tools for further research purpose. This system has been used at some European, 
American and Canadian airports. 
3i-TlP 
The TIP images sometimes are too easy or difficult because of the use of random 
presentation. In order to achieve better effects of alerting and motivation, an individually 
adaptive TIP system that starts with easy images and increases the difficulty depending 
upon an increase in individual detection performance has been considered. This new TIP 
system is 3i-TIP that has three main characteristics: individual adaptation, image 
processing and integration of training and quality control. This system has been 
implemented at Zurich airport . 
All missed images are analyzed by the 3i-TIP server using image processing algorithms 
in order to determine image difficulty resulting from the effects of viewpoint, superposition 
and bag complexity. The results are analyzed by statistical mOdels to calculate the 
detection performance and estimate which threat item should be trained further. Other 
than the adaptive mode, the 3i-TIP system has a testing mode. A certain percentage of 
TIP images are used for the performance measurement purpose in this mode. Every 
screener views the same image in a random order during a certain period of time. This 
provides a more reliable basis for measuring detection performance than the random 
projection of the standard TI P system. 
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In recent years, terrorist attacks happen one after another so that improving airport 
luggage screening performance and training more screeners effectively are two urgent 
tasks for enhancing aviation security. The existing training systems try to improve human 
performance by means of object knowledge, real time practice, motivation, individual 
adaptation and so on. These all emphasize the screeners exposure to stimuli to obtain 
object knowledge which is a very important factor for detection performance. When a 
threat item is detected, screeners have to not only fixate on the right location but also 
recognize it. If perceptual and cognitive factors are both considered, a training system will 
lead to significant increases in the skill level. As a consequence, it is essential to 
understand fully the requirements of the search task and investigate how information and 
skills are developed so as to find out an effective method to improve screeners' 
capabilities. 
1.2 Literature review 
Perceptual (visual) and cognitive processes are involved in air passengers' luggage X-ray 
image screening and involves: looking for potential threats in X-ray luggage images 
(perceptual task) , judging what the suspicious object is and deciding whether it is a 
prohibited item (cognitive task). Visual search, object recognition and decision making are 
essential processes of searching X-ray luggage images. In order to fully understand the 
requirements of the task and investigate the visual and cognitive factors underlying the 
inspection of these complex images, eye movements, visual search , research about 
medical image interpretation and airport security screening are reviewed. 
1.2.1 Eye Movements 
Why eye movement research? 
The relationship between eye movement, visual attention and cognitive processing is not 
very clear. The study of visual attention yields inSight about the general attention 
mechanism and provides information on how a person solves problems (Egeth & Yantis, 
1997). While shifts of visual attention are often hidden from observation, eye movements 
induced by these shifts provide a chance to learn about visual attention although they do 
not always correspond directly to attention shifts, especially for complex visual stimuli 
(Henderson, 2003). Henderson further indicated that eye movements do not necessarily 
involve conscious behaviour but belong to the search process and can reflect the order 
and progress of search. 
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It is widely accepted that attention can shift without an eye movement (Egeth & Yantis, 
1997). It is possible to look at an object without paying attention to it, at least at the 
beginning. However, it is impossible to perform a saccade while not shifting attention. 
Hoffman and Subramaniam (1995) suggested that a saccade to a peripheral location 
involves paying attention to that location before actually executing the saccade. A 
saccade can not be executed to one target while paying full attention to another target 
which is located somewhere else. The eye movement requires the attention system to 
guide and decide which stimuli would be chosen for the control of the oculomotor system. 
The fixation duration is influenced by cognitive processes (Nodine et aI. , 1992). Gaze 
time is approximately 200-300ms when no computation occurs and gaze time is 
500-900ms when computation occurs (Salvucci , 2001). It is assumed that fixations and 
fixation clusters identify areas of perceptual interest and their time (fixation time) indicates 
the depth of visual information processing , which is the precondition of the study on how 
radiologists interpret medical X-ray images, the process of visual search and target 
detection using eye movement data (Nodine et aI. , 1992). 
Type of eye movements 
Table 1.1 Types of eye movements and functions. 
Eye Movement 
Saccadic 
Miniature 
Smooth-pursuit 
Compensatory 
Vergence 
Nystagmus 
Function 
A rapid eye movement to move a specific point of interest to fall 
on to the fovea . A major instrument of selection visual attention. 
Very small movements, less than 1 degree in size, occurring 
during fixation . It includes micro-saccades, drift and tremor. 
Slow and accurate eye movement to keep a target on the fovea . 
It is for visually tracking a moving object. It can not be performed 
with static scenes (fixation and saccade behaviour instead is 
observed) 
Compensate for head or body movement so that an object can 
be kept imaged on the fovea . 
Convergence or divergence of the eye to perceive a near or far 
object because of objects occurring at different distances, 
heights, and inclinations. 
Involuntary, rapid and repetitive movement of the eyes that may 
be from side to side, up and down or rotary. 
The human eyes are never completely stationary. The main types of eye movements are 
listed in Table 1.1. The saccade is a rapid , ballistic eye movement. Its duration is typically 
between 30 and 120ms and most saccades are less than 15' in size (Ciuffreda and 
Tannen, 1995). Saccadic eye movements are made when an object suddenly appears or 
when we scan a visual scene or read (Yarbus, 1967). People acquire information about 
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their surroundings or select interesting points by saccades. The eye position is stable for 
200-300ms (fixation) before rapidly moving (saccade) to a new location. Fixations are 
interspersed with saccades. Information is acquired and the location of the next fixation is 
determined during the previous fixation and a saccade then moves to that location. Both 
fovea I and peripheral information guide the following saccade and fixation location during 
a fixation (Richardson and Spivey, 2004a). The information from the scene is almost 
entirely acquired during fixations . Eye movement data analysis primarily focuses on 
fixations and saccades; on what kind of features influence scanning strategies during 
visual search and target selection or detection, in order to understand visual and 
cognitive processes (Richardson and Spivey, 2004b). 
Eye Movement Measurement 
Quantitative measurement of eye movement requires measures of their size (degrees of 
visual angle), their speed (degree/sec) and their duration (Carpenter, 1977). An early way 
was to attach a mirror to the eyeball by a suction cup. A light beam is directed at mirror 
and reflected on to photo sensitive paper. Then eye position is recorded. This method 
was used in psychological research for testing human perceptual and cognitive 
processes (Yarbus, 1967). It has good spatial resolution but no temporal information 
and is very uncomfortable for the subject. Some methods that are currently in use include 
Electrooculogram (EOG), Scleral contact lens, Purkinje eye tracker, Video Oculography 
(VOG) and Infrared-Oculography (IROG). IROG, a popular method, involves the 
measurement of the features of limbus, pupil and corneal reflection during visual search. 
A high-resolution camera is directed at the eye to capture images of the subject's eyes. 
Infrared light-emitting diodes are used to generate lighting of the subject and reflection 
patterns in the eyes of the subject. Image processing hardware then determines the pupil 
position and size and possibly corneal reflection. This method has good spatial precision 
(0.5 degrees) for head mounted systems and good temporal resolution (up to 500 Hz). 
For instance, the eye tracking products of the Tobii company can tolerate head-motion 
without loss in accuracy and do not need to be fixed to the head . 
1.2.2 Visual selective attention and saliency map 
We move our eyes to acquire visual information and alternate between a very fast eye 
movement (saccade) and relatively stable gaze (fixation). Information is obtained and the 
location of the next fixation is determined during the previous fixation and a saccade then 
executes to that location. The experimental evidence suggests that only part of the visual 
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information available to the visual system is processed in full detail while the remainder is 
largely ignored (Egeth and Yantis , 1997). 
What locations or features are selected in a visual scene for a search task? 
Treisman and her colleagues (Treisman and Gelade, 1980; Treisman , 1982) proposed 
the "feature integration theory" to explain visual search strategies. Their experiments 
showed that visual search for single features is executed by a parallel procedure (e.g. 
looking for a red line with a different orientation from other red lines) while search for 
conjunctive features required a serial search from other distractors in the display (e.g. 
looking for a red line with a different orientation from other red lines which are mixed into 
other green lines with two kinds of orientations of red lines) . Therefore, the search time is 
independent of the number of distractors for feature search while it is in direct proportion 
for conjunction search. Wolfe (1994, 2000) summarized that the features which can be 
searched in parallel are orientation, colour, size, motion, stereoscopic depth , binocular 
lustre, vernier offset, curvature, terminators and intersections. These features are termed 
pre-attentive features which are the basic features in visual search (Wolfe, 1994) and 
form the early representation in selective visual attention (Koch and Ullman, 1985). They 
(Wolfe, 1994; Koch and Ullman, 1985) all suggested the concept of feature maps which 
make up the early representation of a scene being viewed. 
Saliency map 
Based on the model of Koch and Ullman (1985) and feature integration theory, Itti, Koch 
and Niebur (1998) proposed a general , pure bottom-up model for visual attention (figure 
1.2 (A» . In this model the visual input is linearly filtered and decomposed into colour, 
intensity and orientation channels which comprise 42 feature maps in which there are 12 
for colour, 6 for intensity and 24 for orientation. Then these feature maps are combined 
into three conspicuity maps by a cross-scale combination and normalization operator 
which make the conspicuous locations stand out from the rest of the visual stimulus. The 
three conspicuity maps are normalized and linearly combined into the final saliency map. 
A winner-take-all neural network detects the most salient location and directs attention 
towards it. The area of the focus of attention is fixed to one sixth of the input image 
width or height and the interval between two salient locations switching is about 30-70ms. 
At any given time, the most salient location is localized , and the focus of attention should 
point to it. The parameters are fixed in this model so that the operation is simple for all 
simulations. 
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Figure 1.2 (A) General schematic view of the saliency-based visual attention model 
(Itti and Koch, 2000). (B) An example image. (C) The saliency map generated from B 
with regions of high salience shown in white. 
In their further research (Itti and Koch, 2000) an inhibitory of return mechanism was 
clearly illustrated. Once a location was attended, it was immediately suppressed by a 
dark area in the saliency map. The inhibited centre was the last winner which was 
inhibited in the saliency map so that attention shifted to the next conspicuous location. 
The principle of proximity preference also applied to the inhibitory feedback such that the 
next winner location was the one closest to the last winner if there were two similar 
conspicuous locations. A series of experiments were designed to evaluate the 
applications of this model. The typical search of feature search and conjunction search 
was reproduced by the model , for which it had a similar search slope to experiments with 
human observers. Search time is independent of the number of distractors in feature 
search while search time is nearly proportional to the number of distractors in conjunction 
search. Also the search performance of this model on complex natural scenes was 
compared with human observers. Surprisingly, the model found targets faster than 
humans in 0/. of the images. One of the possible interpretations of this was that a 
state-of-the-art object recognition algorithm was used in this model (Itti and Koch, 2000). 
Itti and Koch (2001) summarized five important trends of the model: 1) Saliency is 
determined by surrounding visual features. 2) The saliency map is a unique symbol which 
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represents the stimulus conspicuity of a visual scene. 3) Inhibition of return is an essential 
element in the computational model. 4) Eye movement and covert attention interact so 
that such interaction should be integrated into the further model for better understanding 
more mechanisms. 5) A complete model of the selective attention model must integrate 
both bottom-up and top-down mechanisms although many challenges still lie ahead . 
The saliency map approach has developed as a computational model which uses 
multiple dimensions such as colour, intensity and orientation to create a single saliency 
map, which is used to predict fixation locations. Some stUdies showed that the bottom-up 
model could reproduce some classical human visual search experiments or complete real 
search task (Itti and Koch, 2000) : stronger correlations between stimulus salience and 
fi xation locations were obtained than that expected by chance (Parkhurst, Law and 
Niebur, 2002), and visual saliency was more relevant to experts' attention than na'ive 
observers in a recognition task related to aerial photography (Oavies et aI. , 2006). 
However, some studies did not support the approach that visual salience determines the 
fi xation locations. Turano, Geruschat, and Baker (2003) claimed that the visual salience 
model showed the worst performance in a task of walking to a target while top-down 
guidance with the target's feature and geographic information performed a better job in 
predicting the gaze patterns of visual selective behaviour. In the study of Oliva and his 
colleagues (2003) the scan pattern of object detection performed by a pure saliency 
model was more similar to human data than a random process approach, while a context 
control model with the inclusion of top-down information (an improved saliency map using 
a separate knowledge-based map) selected locations which agreed with human 
observers. 
Whether task-driven, top-down mechanisms or stimulus-driven, bottom-up mechanisms 
determine fixation locations in the visual selective attention task is a current controversial 
topic. In summary; studies which indicated top-down mechanisms dominate eye 
movements in the selective attention system adopted active search tasks such as: count 
the number of people present (Oliva et aI. , 2003; Henderson et ai, 2007) , walking to a 
target (Turano, Geruschat, and Baker, 2003), food preparation task (Land and Hayhoe, 
2001), sports (Land and MeLeod, 2000) and driving (Land and Lee, 1994); while studies 
which showed bottom-up mechanisms contribute significantly to attention used free view 
tasks for 5 seconds «Parkhurst, Law and Niebur, 2002) or the search time of the first 
hundreds of milliseconds (Oavies et aI. , 2006). The role of saliency on fixation locations is: 
decreased with exposure time (Oavies et ai , 2006); the influence of stimulus dependence 
is weaker for natural or home pictures than meaningless images such as fractals 
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(Parkhurst, Law and Niebur, 2002). Most of the studies agree that top-down and 
bottom-up processing are brought into play together to determine the visual scan pattern 
in the task of selective attention. Stimulus-driven attentional capture is modulated by 
goal-driven factors (Ludwig and Gilchrist, 2002). 
1.2.3 Medical image inspection 
The task of airport security screening is similar to the task of radiographic interpretation 
which has been studied for more than fifty years and is likely to provide abundant 
knowledge to understand the airport security screeners' task. 
Modelling the task of radiographic interpretation 
The main task of radiologists is to search, detect and interpret X-ray images of human 
anatomy for abnormalities. Since a radiographic image is a highly complex pattern that 
always contains lots of normal tissue and may potentially include some co-existing 
abnormal target, visual search and object recognition are involved in radiographic 
interpretation. In order to understand this task and enhance observers ' performance, 
visual search is modelled to explain and predict observer behaviour. The general model 
for visual search is based on the assumption that the eye movements of search is a 
sampling process and the observer develops a search strategy according to the stimulus 
information and the task itself (Nodine et ai , 1992). 
Kundel , Nodine and Carmody (1978) developed a descriptive model of the nodule 
detection process that includes four steps: orientation, scanning, pattern recognition and 
decision-making - based on the assumption that extended gaze duration indicates careful 
processing of visual information. On the basis of this model of the inspection process and 
the eye movement data, false negative errors can be divided into three categories based 
on whether the target area is fixated or not if the nodule area is projected into the useful 
field of view (defined as the area around the fixation point from which the information is 
being processed , according to Mackworth (1974)) : search errors, recognition errors and 
decision errors (e.g. Krupinski , 1996b; Gale, 1997). If observers do not fixate on the 
abnormality within the useful field of view, then the miss error is scored as a search error. 
If observers fixate on the abnormality within the useful field of view but the fixation 
duration is less than 1000ms, then the miss error is scored as a recognition error. If 
observers similarly fixate an abnormality within the useful field of view and the duration is 
more than 1000ms, then the miss error is scored as a deciSion error. 
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Swensson (1980) proposed a 'two-stage detection model' based on the concept of signal 
detection theory. It indicated that the detection process in a complex task such as 
inspecting radiographs involves at least two logically sequential stages that the output of 
the first 'pre-attentive' (global) stage is the input of the second 'focal attention' stage. The 
pre-attentive filter was proposed to interpret the visual search process. It would select a 
subset of visual features in a particular pattern on the basis of observers ' attention and 
specific purpose. Then every selected feature would be scrutinized and interpreted by the 
cognitive system to decide if it was a normal or abnormal area. 
Generally, the global stage of visual search, which occurs very quickly, is investigated by 
the method of using a very briefl'f1ash' presentation. Research indicated that the initial 
eye movement approximately takes 250 ms to plan and 50 ms to carry out (depending on 
the saccade distance) (Carpenter, 1977, p76-83). The average duration of a fixation is 
about 300 ms, and the minimal interval between fixations is about 250 ms (Kundel & 
Nodine, 1975). Additionally it was found that a viewing time of 200ms minimized the 
possibility of the observer making a second fixation during the stimulus presentation while 
being reasonably approximate to the duration of a single fixation . 
The second stage is focal attention in which objects in the visual field are examined 
serially with both top-down and bottom-up processing (Hoffman, 1998). The detection of 
a visual target is accompanied by allocation of spatial attention to the target's location. 
Objects will be compared slower and more accurately. Kundel et al. (1987) developed the 
focal stage further into three processes: 1) Checking fixations, the global impression is 
checked in more detailed. 2) Discovery scanning, the suspicious areas are scrutinized for 
the target and this lasts for 10 to 20 seconds. 3) Reflective scanning, where important 
areas are re-scanned when a decision has been made; this might continue for a few 
minutes. 
The study about the role of peripheral vision in searching lung nodules also supports the 
two-stage detection model (Kundel et aI., 1991). The first step is a global scanning of the 
image for identifying conspicuous targets and major anatomic landmarks. Central vision 
checks the suspicious area for presence of a target. Scan paths can be interrupted by the 
input of the peripheral field of view to check for a potential target. Peripheral vision acts as 
an adjunct in guiding the gaze to inconspicuous nodules. 
The two stage model has been further developed. Gale (1994) not only summarized a 
general model for examining visual stimuli including two phases: pre-attentive and focal 
attention but also added other factors including experience, prior knowledge and 
13 
Chapter I 
expectation into this model to form possible hypotheses. This model is flexible and can be 
used in more situations. The 'Double two-stage' model of radiological skills emphasizes 
visual search and interpretative processing simultaneously (pauli and Hammond, 1994). 
The influence of experience and knowledge on diagnostic performance 
What skills and knowledge are related to diagnostic performance? 
There appears to be no correlations between diagnostic performance and either 
field-dependency or visual search ability , but there is a significant negative correlation 
with spatial reasoning (Manning and Leach, 2002) . A radiograph is a two-dimensional 
image that expresses a complex three-dimensional structure. The observer must 
reconstruct the three-dimensional spatial image with a lot of components, their relative 
positions and relationships, and reconstruct the shape based on visual memory. The 
study of Manning and Leach indicated that people with a high spatial reasoning ability 
were likely to introduce some errors by utilizing higher-order cognitive processing, 
whereas people employing Iow-level visual search techniques reduced the likelihood of 
introducing errors. 
The exact influence of experience and knowledge on diagnostic performance is not very 
clear. On the one hand, studies (Herman & Hessel, 1975; Gay et al ., 1993) showed that 
there are few significant changes in diagnostic performance after the first year of 
residency. Individual differences do not change with time and experience and 
performance is not consistent with the degree of experience and training . On the other 
hand, studies (e.g. Krupinski, 1996b; Nodine et aI. , 1996) also showed that experts detect 
a target faster and search is completed more effiCiently than less experienced observers. 
What can be achieved through training? 
The study of Nodine et al. (1996) showed that experience and training lead to efficient 
strategies for searching mamm09rams. Novices' attention can be distracted by a pseudo 
target and can be confused with potential mass and perturbation in breast parenchyma. 
With training, visual scanning becomes more cognitively efficient and visual attention 
becomes more perceptually adept for adapting to the requirements of the task. 
Additionally, they indicated that experience improves the knowledge of uncommon 
targets, therefore increasing the perceptual differentiation ability. 
The perception of abnormalities must be consistent with past experience and memory to 
similar stimulus patterns (Kundel & Wright, 1969). Experts know 'what' to look for and 
'where' to look when they search. It can be assumed that the knowledge acquired by 
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expert radiologists through training and experience includes the knowledge of what the 
abnormalities look like, what structures are typically presented in an X-ray image, where 
they are typically located and what the variations are in terms of shape, size and contrast. 
The interpretation of X-ray images involves generating a representation of the 
abnormalities from the observers' cognitive schema. Where the eyes move depends both 
on the cognitive schema and visual input. Observers must know what the normal or 
abnormal structures look like if a potential target is recognized from the complex normal 
image appearance. It seems that experienced observers have much more object 
knowledge in inspecting radiological images. 
Lesgold et al. (1988) emphasized the cognitive component of visual search and indicated 
that experts spent more time in building up a representation of the image than searching. 
Familiarity with the features of a target and the background is very important for utilizing 
an effective search strategy that is developed with experience. A clear definition of 'target' 
and 'background' is more effective for improving search patterns than specific training in 
eye-movements (Kundel and La Follette, 1972). "The importance of experience in 
teaching observers how normal mammographs differ from abnormal mammographs 
which gives meaning to the discovery of perturbations in the image" (Nodine et al. 1996, 
p93). However, the difficulty is that it is impossible to define a target in real-life complex 
search tasks. 
An interesting recognition memory experiment on faces and chest X-ray images was 
performed to investigate the relationship between expertise and information processing 
(Myles-Worsley et aI. , 1988). The study found that recognition memory for abnormal 
X-ray images increased with radiological experience to the same high level of human 
faces recognition . However, recognition memory for normal X-ray images decreased with 
radiological experience to a chance level. These results indicated that radiological 
expertise is an ability selectively to process clinically relevant abnormalities in X-ray 
images that improved the likelihood of detection of the abnormal features from normal 
ones. Expertise can be likened to a two-edged sword that can bias perception to some 
special stimuli and avoid others. 
Enhancing observers' performance through feedback 
Radiography interpretation involves perceptual processes (looking for a diagnostic clue 
on the image and relating to a visual component) and cognitive processes (analyzing the 
potential area in order to make a decision) . These two processes are logically related and 
depend on each other such that both perceptual and cognitive skills are essential to 
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diagnostic performance. How is it possible to enhance screening ability other than 
through day by day experience? Low level perceptual learning may depend on the very 
frequent exposure of target stimuli , then improvement of this skill is as a result of learning 
from experience (Davis et aI. , 1994). While enhancing cognitive analysis skills of visual 
stimuli for decision making depends on formal training and feedback (Biederman and 
Shiffar, 1987). 
One study shows that performance improves when feedback is provided on the task of 
detecting target features of X-ray images (Sowden et aI., 1996). Detection performance 
improved through practice with feedback even only when the feedback was on accuracy. 
The detection time under an accuracy feedback condition was longer than that of no 
feedback. It may be that accuracy feedback encourages observers to search for target 
features with more time. Feedback with rich target information (such as location, features) 
is superior in improving accuracy performance for searching for a defined target in a 
computer-generated display (Pauli and Sowden , 1997). Feedback with rich information is 
a short cut to improving detection accuracy compared to learning with experience. 
Perceptual feedback 
In the study of Kundel and his colleagues (1989), they found that gaze duration for 
missed nodules was significantly longer than that for true-negative (TN) decisions, being 
nearly as long as that of true-positive (TP) decisions. Thus, FN decisions can be identified 
from TN decisions on the basis of eye fixation dwell time. A method which uses a 
computer algorithm to identify the location of missed lung nodules, on the baSis of visual 
dwell time as a measure of information processing, was provided by Kundel and Nodine 
(1987, 1990). This method was summarized as a completed perceptual feedback 
method (Krupinski et aI., 1993; 1998) as follows: 
Experienced observers view X-ray images for a period of time and their eye movements 
are recorded. They make a decision about the image and give a rating of decision 
confidence. If an abnormality is detected, then the location is also pointed out This is 
then followed by a second view of the same image but with some image areas highlighted 
- the highlighting being determined by a dwell-threshold algorithm which analyses the 
areas that represent perceptual suspicion based upon individual fixation cluster duration . 
Observers then make a second decision, give a second rating and locate the target 
again . 
The key to this method is to find an effective feedback algorithm to discriminate FN from 
TN decisions. Based upon the analysis of duration thresholds for clear discrimination of 
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FN from TN decisions of different medical images (chest, mammography, bone trauma 
and bone fracture), a 1,000 ms dwell time threshold was chosen to determine which 
locations would be given feedback and the feedback areas were circled by 5 degrees 
visual angle (Krupinski, 1998). It was found that this algorithm works most efficiently 
during the first 30 seconds' of visual search . Unlimited search time increases the chance 
that the TN areas are fixated more than once, thus the dwell time for these areas is 
greater than the feedback threshold which decreases the FNfTN ratio . Experimental 
materials and target features also affected the feedback threshold. Different perceptual 
feedback algorithms should be selected to discriminate FN from TN effectively depending 
upon different experimental designs. 
Follow-up experiments about searching chest images indicated a nearly 20% 
improvement in performance under the perceptual feedback condition as compared to a 
second look without feedback (Krupinski et aI., 1998). They argued that the reasons 
behind this were: 1) restricting dispersion of fixation on the potential areas and 2) the 
feedback 'circle' inhibits the effects of distracting information outside the area of feedback, 
generating a local perceptual enhancement effect. Krupinski et al. (1993) compared the 
effect of four cueing conditions: a complete circle, a dashed-line circle , two lines and no 
outline. They found that a complete circle cueing improved performance more than the 
other methods. A complete circle isolates the areas of potential targets from the rest of 
the image, so increasing the probability of detecting and integrating features of potential 
targets. This method is therefore recommended to apply to other fields of searching for 
low contrast targets in noisy backgrounds. 
Satisfaction of search (SOS) 
Satisfaction of search (SOS) is the phenomenon that the detection of an abnormality 
interferes with the detection of another abnormality on the same radiograph. This is 
suggested as a possible reason for false negative decisions in searching radiographic 
images that contain multiple abnormalities (8erbaum, et ai, 1990, 1991). In other words, 
there is a tendency for observers to become satisfied after detecting the first abnormality 
which can lead to failure when searching for other abnormalities on the same radiograph. 
Typically, obvious (i.e. conspicuous) abnormalities interfere with the detection of more 
subtle abnormalities (Samuel et aI., 1995). There are two hypotheses about SOS: 1) 
Early termination of visual search of the image occurs after detecting one abnormality, 2) 
there is an inappropriate allocation of visual attention. 
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Samuel et al. (1995) explored the mechanism of SOS by recording eye positions when 
viewing chest radiographs with actual abnormalities and also with simulated pulmonary 
nodules. Results showed that the detection rates of nodules were lower if the image 
contained an actual abnormality. Most missed nodules were fixated but only those on 
images that contained no real abnormalities received prolonged visual attention . The 
SOS phenomenon is an important source in the detection of subtle abnormalities but not 
for obvious ones. Obvious, conspicuous, abnormalities capture the observers' attention 
and so decrease vigilance for more subtle abnormalities. Observers therefore should be 
vigilant as SOS occurs when an abnormality is detected very quickly or multiple 
abnormalities are discovered; one abnormality should not capture all visual attention . 
1.2.4 Air passengers' X-ray luggage image inspection 
There are some differences between examining medical radiographs and screening 
X-ray luggage images. Little spatial reference structure is available in X-ray luggage 
image examination , while anatomical structure and clinical knowledge can be used as a 
reference in medical images. Additionally, the airport screeners' work environment is 
noisy and time pressurised. It seems then that the task of luggage image inspection is 
potentially more difficult than medical image interpretation. 
Relatively little research appears on human performance and visual search of the task of 
air passengers' luggage inspection. Gale and his colleagues (2000) did a study to 
understand the process of X-ray luggage image inspection on the basis of the conceptual 
model from the medical domain. They found the two-stage detection model and 
classification of miss errors could be applied in the X-ray luggage inspection scenario. 
Results showed that IEDs could be identified with very brief image presentations and 
performance was improved with increasing the presentation time. FN errors of searching 
for an lED were mainly due to interpretation errors rather than a visual search error or a 
detection error. 
Schwaninger et al. (2004) developed the Prohibited Items Test (PIT) and Object 
Recognition Test (ORT) as two test items for the personnel assessment system of 
screeners based on the role of knowledge-based and image-based factors for detecting 
threat items in passengers' luggage. PIT is composed of all kinds of threat items Which 
form a large image library. Threat items are collected and then added to the image library 
if observers can not recognize them after 10s of viewing time. ORT is related to visual 
processing and encoding; three image-based factors are considered : viewpoint, 
superimposition and bag complexity. The study further showed that X-ray detection 
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performance relies on the visual ability to cope with image-based factors and visual 
experience which is what threats look like in X-ray images. Both aspects are necessary 
abilities for a good screener. 
A study of McCarley et al. (2004) also emphasized the importance of observers' ability in 
target recognition. They indicated that after training naive observers were familiar with the 
task of airport security screening then their recognition ability was enhanced. Eye 
movement data showed scanning became more efficient but not more effective with 
practice. They also suggested that training schemes should not focus on modifying the 
scanning strategy but should design for the developing abilities of perceptually organizing 
and recognizing target objects. Scanning skills and search strategy are very subjective 
and are related to the observers' experience and also to the experimental materials used 
in the studies. It is also a research topic in the field of medical image inspection. 
Radiologists were likely to adopt exhaustive and redundant scanning strategies to find 
unfamiliar stimuli which are relatively difficult to find (Krupinski, 1996). It is not clear 
whether the improvement of recognition ability is associated with the change of scanning 
behaviour and the differences in search patterns were observed from inexperienced 
students to radiologists in her study. 
1.3 Objectives 
From the foregoing , the problems in airport screening are: 
1) Airport passengers' X-ray luggage image screening is a demanding task which 
relies heavily on human performance. 
2) Recent terrorist attacks indicate that a better training method for improving 
screeners' detection ability is required , although a lot of training systems do exist. 
Eye movement research, visual attention mechanisms and models of medical image 
inspection provide strong backgrounds to understand fully the inspection task and to 
design training schema based on visual and cognitive factors of the search process. 
Although studies about visual search in the medical domain provide abundant knowledge 
for understanding the airport security screeners' task, potential differences between the 
two tasks induce the necessity of testing the usability of these conceptual models and 
methods. In order to improve the performance of airport security personnel in searching 
X-ray images of air passenger luggage, it is important first to understand fully the 
reqUirements of the task, investigate the visual and cognitive factors underlying the 
inspection of these complex images and also understand how expertise is developed so 
finding a new method for improving screeners' search performance. Perceptual feedback, 
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a method of providing screeners with a second chance to review their eye movement and 
re-making a decision, could be a good way of helping them learn about their perceptual 
process and their FN miss errors. Also the effect of image features on visual search is 
explored and the salient regions from the pure bottom-up selective attention mechanism 
are examined for target detection. Cognitive support (expertise and skills) and perceptual 
support (perceptual feedback and salient regions) are organized together to build up an 
appropriate intelligent assistant system for screeners or a training system for novice 
trainees. 
1.3.1 Objectives and overview of the research 
The overall aim of this research is to understand and define the potential visual and 
cognitive factors in the task of inspecting airport passengers' X-ray luggage images, 
examine the usability of perceptual feedback on this task and explore a new method of 
salient regions which will assist screeners to detect targets. To achieve this aim it is 
necessary to understand fully the perceptual and cognitive process, and to obtain 
knowledge and skills of X-ray luggage image examination in order to improve screeners' 
detection and recognition ability by providing appropriate cognitive and perceptual 
support. This is accomplished by research undertaken:-
1) To understand the task of airport passengers' X-ray luggage image examination . 
2) To explore how the knowledge and skills of this task are developed . 
3) To understand the nature of errors, especially the visual and cognitive reasons 
underlying false negative decisions, in examining X-ray images of luggage items 
in order to form cognitive support for a training system. 
4) To develop an appropriate perceptual feedback algorithm and methods regarding 
possible errors, thereby improving screening performance. 
5) To explore how observers select objects in airport luggage image examination 
and test the effect of salient regions on detecting threat items. 
1) Furthermore, the results of this research will form the theoretical contents of a new 
training system for airport security screeners. A deeper understanding of the 
visual search process and a method of perceptual assistance are essential so that 
screener performance can be improved significantly through this training system. 
Research Overview: 
1) To understand the task of airport passengers' X-ray luggage image examination: 
• Understand the background of air X-ray luggage images examination, review 
existing theories, models and methods of visual search which have been 
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developed or used in the field of medical image interpretation and other cognitive 
fields. 
• Develop an airport luggage screening questionnaire to explore how experienced 
screeners make decisions and what are the knowledge and skills of screening, 
investigate search patterns and X-ray features which both attract and do not 
attract their attention. 
• Investigate the effect of time pressure on observers' performance and eye 
movements when they search for threat items in X-ray luggage images. 
2) To explore how the knowledge and skills of this task are developed: 
• The comparison of performance and eye movements between naive people and 
airport security screeners when they complete the search task, which will highlight 
the expertise of screeners. 
• Naive people search X-ray luggage images after they view some threat items 
which are similar to the threat items in the search task, which is compared with 
screeners who are not shown similar targets before testing. The effect of transfer 
between familiar targets is explored for understanding knowledge about visual 
search and for designing a training schema. 
• Based on the experiment about transfer between familiar targets , an experiment 
about practice and transfer is then designed to investigate the development of 
visual Skills and recognition abili ty of na'lve people with practice. Findings would 
contain potential implications for the design training scheme and screener 
expertise extraction. 
3) To understand the nature of errors, especially the visual and cognitive reasons 
underlying false negative decisions, in examining X-ray images of luggage items in 
order to form cognitive support for a training system: 
• Receiver Operating Characteristic (ROC) Analysis method based on signal 
detection theory is used to analyse the detection performance. 
• Eye movement data of naive people and screeners are analysed and compared. 
• Models and theories about medical image interpretation are used to explain 
errors. 
4) To develop an appropriate perceptual feedback algorithm and methods regarding 
possible errors, thereby improving screening performance: 
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• Eye movement data of screeners are analysed for extracting a perceptual 
feedback algorithm of the search task which will significantly distinguish false 
negative (FN) decisions from true negative (TN) decisions. 
• Perceptual feedback is developed by circling the areas of long dwell time and 
giving observers a second look. 
• An experiment testing the usability of perceptual feedback is performed by airport 
screeners. 
5) To explore how observers select objects in airport luggage image examination and 
test the effect of salient regions on detecting threat items: 
• The effect of features of X-ray images and threat items on detection performance 
is explored . 
• Research about visual attention and saliency maps is reviewed. 
• Salient regions of air X-ray luggage images is generated using Itti and Koch's 
model. 
• The method of salient regions is developed and its effect on detection of threat 
items is explored . 
1.3.2 Chapter arrangement 
The research purpose is to understand the perceptual and cognitive processes of airport 
passengers' luggage images examination and explore an appropriate assistant system 
and training scheme in order to enhance screeners' detection and recognition 
performance. 
Therefore: -
Chapter 1 has introduced the background to airport luggage image inspection and some 
available training systems, reviewed literature about visual search in medical image 
inspection and other cognitive fields. 
Chapter 2 describes the methodology, eye movement data analysis and detection 
performance analysis. 
Chapter 3 a questionnaire is developed for learning about the general process of security 
screening at airports and understanding the essential knowledge and skills of this task. 
From Chapter 4 to Chapter 6, several practical issues are empirically studied based on 
the information obtained from the questionnaire. 
Chapter 4 explores the effect of time pressure on the task of luggage image examination 
to understand in detail this demanding task. 
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Chapter 5 investigates the difference between naIve people and airport screeners when 
they searched for threat items in X-ray luggage images. Furthermore, the development of 
expertise and visual skills were explored. 
Chapter 6 describes how search and recognition skills developed with practice. Narve 
people were trained for several sessions. Then they were asked to detect unseen threat 
items. Whether the skills transfer to novel stimuli was explored. 
Chapter 7 examines whether perceptual feedback improved screeners' detection 
performance or not. A feedback algorithm was obtained from an experimental 
investigation of searching for threat items in X-ray luggage images by screeners. 
Chapter 8 explores the effect of image features on detection performance and visual 
search from subjective variables and objective measures separately. The visual attention 
of obseNers was significantly influenced by stimulus properties of visual salience, which 
could then be used as an assistant for this screening task. 
Chapter 9 summarizes the contributions of this thesis . The main contribution is to 
"Understand the visual search task of airport X-ray luggage image examination and how 
detection skills were developed so as to find out a method for improving screeners' 
performance". It is shown that perceptual feedback is not a useful method for improving 
screeners' performance, while salient regions obtained from a saliency map contain most 
of the threat items and seNed to improve the screeners' detection performance when 
these regions were circled and then provided to obseNers. Salient regions might be used 
in the future as an assistant for visual search for target detection. 
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Methodology 
Chapter 2 Methodology 
In order to fully understand visual search and object selection, various experiments were 
carried out where eye position was recorded by an eye tracker as observers searched for 
threat items in X-ray luggage images. Detection performance was evaluated by using 
Receiver Operating Characteristics (ROC) methodology which is a standard approach to 
evaluate the sensitivity and specificity in a target detection procedure. 
2.1 Eye Movement Data Recording and Analysis 
2.1.1 Record ing system 
Figure 2.1 Tobii 
eye-tracker X50 
The Tobii x50 eye tracker (as shown in Figure 2.1) was used 
for recording eye movement in this research; the system was 
placed beneath a large high resolution monitor on which 
various images were shown . The x50 consists of hardware 
(Tobii x50 eye tracker hardware) and software (Tobii eye 
tracker server, Tobii eye tracker library and application 
software) for eye gaze point collection and communication 
with various experimental applications. The hardware 
consists of a camera, near infrared light-emitting diodes, optical filters and control 
electronics. During tracking , near infrared diodes generate reflection patterns on the 
corneas of the observer's eyes. These reflection patterns and other visual information are 
collected by the camera. Proprietary image processing algorithms in the software identify 
relevant features of the eyes and corneal reflection patterns. Then the 3D position of each 
eye and the gaze point on the screen can be calculated. Table 2.1 summarises the 
technical characteristics of the Tobii x50. 
2.1.2 Eye Movement Data Recording and Analysis 
Raw eye movement data are assigned an X, Y coordinate, corresponding to the 
horizontal and vertical dimensions of the display being viewed. Raw gaze point data 
corresponding to X, Y coordinates do not say anything about how a person is actually 
seeing. People only 'see' images when the eyes fixate on a specific point long enough to 
process the visual information. The frame rate of this eye tracker is 50 Hz, which means 
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50 gaze data points are then collected by the system per second. Large ballistic scanning 
movements (saccades) occur 3-4 times per second (Ciuffreda & Tannen, 1995). When 
recording saccadic eye movements, then eye movement behaviour can generally be 
considered to consist of a series of saccades and fixations where the eyes fixate between 
these rapid saccades. However, a fixation is difficult to define because it depends on the 
spatial resolution and temporal resolution of eye tracker as well as the analysis software 
and the fixation definition criteria being used by the experimenter. The method of 
definition of fixations and fixation clusters in the Tobii ClearView analysis software are 
based on the density of the eye-position data at various spatial locations in the image 
without regard to scan-path information. 
Table 2.1Technical characteristic of the Tobii x50 eye tracker 
Characteristic Tobii x50 
Data output 
Accuracy 
Spatial resolution 
Drift 
Freedom of head 
movement 
Camera field of view 
Binocular tracking 
Head-movement 
compensation error 
Top head motion speed 
Frame rate 
Latency (the time taken 
from when the actual 
eye-position is recorded 
until data reaches the 
application) 
Maximum gaze angles 
Time stamp 
Gaze position relative to stimuli for each eye (X and Y) 
Position in camera field of view of each eye (X and Y) 
Distance from the camera of each eye 
Pupil size of each eye 
Validity code of each eye 
0.5-0.7 degrees 
0.35 degrees 
< 1 degree 
30 x 15 x 20 cm from tracker 
20 x 15 x 20 cm from tracker 
Yes 
<1 degree visual angle compensation error for head 
translations in three dimensions and rotations across the 
entire head movement space 
Approximately 10 cm/s, otherwise smearing effects in the 
camera image 
50Hz 
25-35 ms 
± 35 degrees 
The fixation and 'cluster' of fixations are based on the determination of whether 
successive data points exceed certain spatial and temporal thresholds . The fixation 
radius and minimum fixation duration are set when eye gaze points are grouped into 
fi xations by an algorithm which uses a fixation filter to judge whether a raw gaze point is 
within a set distance from the previous potential fixation centre and also whether the 
duration is more than the minimum fixation duration. If the eye gaze data point is within 
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these criteria then this filtered gaze point is added into a fixation point; the potential 
fixation centre is recalculated based on the average of all filtered gaze points in the 
fixation . The fixation duration equals the timestamp of the last gaze point in the fixation 
minus the timestamp for the first gaze point in the fixation. Then fixations are grouped into 
clusters by using the same method. The criteria depend on the spatial and temporal 
thresholds that are set by the experimenter before running this program. 
Typically, the radius of the useful field of view has been found to be circa 2S visual angle 
in several radiographic image studies. About 80-90% of the lung image is covered by 
fixation clusters of this size (Nodine and Kundel , 1987). This value has also proved to be 
reasonable in the task of searching for explosives in X-ray luggage images by Gale et al. 
(2000). Therefore, this useful field of view of 2.50 is assumed to be a suitable spatial 
threshold for grouping raw eye position data into fixations in the current experiments. The 
useful field of view of 2.50 is about 50 pixels (see Table 2.2) . The recommended factors of 
a fixation radius of 50 pixels and a minimum fixation duration of 200 milliseconds for the 
ClearView software were then selected as filter settings for eye movement data analysis 
here. The scan path (observer's visual search pattern of the image) is represented by the 
line (saccades are generally linear in nature) which connects sequential fixations and 
fixation clusters. A scan path can distinguish a single extended gaze point from multiple 
gaze points formed by non-consecutive re-fixations. Eye movement data analysis 
includes examination of both fixations and the scan path because signal detection 
questions are often linked to a suspected target being fixated and re-fixated for 
subsequent verification (Nodine et aI. , 1992). 
Table 2.2 Calculations for pixels for the useful field of view of 2.50 
Monitor screen size (inches) 21 
Viewing distance (cm) 70 
Calculations Width Height 
Screen dimensions (pixels) 1280 1024 
Screen dimensions (cm) 39.3 30.7 
Pixels per centimetre 33 33 
Pixels of 2.50 useful field of view 50 
A program was developed for analysing the eye movement data of the complicated 
presentation of X-ray security images since the ClearView software does not meet the 
requirements of the experiments. The following gives an introduction about the method of 
how to organize the raw eye position data into meaningful fixations in the program 
developed for this research. 
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Fixation identification is an essential part of eye movement data analysis. Generally, 
fixation identification algorithms are classified with respect to spatial and temporal 
features of raw data. Salvucci and Goldberg (2000) summarized five algorithms for 
fixation identification in terms of how spatial and temporal information are used in eye 
tracking protocols. These algorithms are veloci ty-based, dispersion-based or area-based. 
The Tobii ClearView analysis software uses the algorithm as shown in Figure 2.2. 
Start a new potential fixation 
• 
T aka the next (<NI gaze point Run this gaze 
point through the validity and f!!o/9 filter 
• 
o the validity and eye filter classl 
this as a valid filtered gaze point? 
Ye, 
s this filtered gaze point within 
pixels distance from the previous 
potential fixation centre? 
y" 
• 
Add filtered gaze point to tIjs potentiallixation. 
Reca/allate potential fixation centre as the 
average cl aD fitered gaze points In !he fixalion 
No 
No 
loop through above algorithm unlil there 
are no more gaze points. ThereaRer, 
continue to the algorithm 10 the right 
Spatial Criteria 
• No 
So the dOOlIioo of !he 
potential fixation a\ least Y 
ms? 
one 0 I va fill gaze po nls 
In tho potential fixation are actually 
art of a fixation Yes 
This is a IiX3 tiOO, with !he fixation centre 
as the average of the gaze points In the 
fixation, and the fixation duration equals 
lime stamp tor !he Ia~ gam point in 
fixation minus !he limeslamp fot !he tlrst 
gaze pm! in l'ixation 
loop through all of the 
potential fixations 
Temporal Criteria 
Figure 2.2 Fixation organization method in ClearView (from the ClearView analysis 
software User Manual) 
The Tobii algorithm applies spatial and temporal thresholds to filter raw data using fixation 
radius and a minimum fixation duration. The same method is adopted in our developed 
program. Figure 2.3 shows how spatial and temporal thresholds worked together to fi lter 
the raw gaze data. The deviation between a gaze point and the present fixation centre is 
calculated by the function: 
D = .JC1X2 +dy2 
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Where dX is the difference of the X coordinate between the gaze point and the centre of 
the present fixation, dY is the difference of the Y coordinate between the gaze point and 
the centre of the present fixation. The centre of a fixation is calculated by the function: 
" " LN,X, LN,Y, 
X = ..cf=c!.' __ 
N 11 
L N, 
y = ..c'-,,-' __ _ 
N fA 
;==1 & ;=\ 
Where X, Y are values of x, y coordinates of gaze points in a fixation , N is the number of 
gaze points in the fixation. 
Figure 2.3 is the flowchart which describes the method of eye movement data analysis in 
our developed program which is used to filter raw data into meaningful fixation data 
Perceptual feedback is generated by this program and eye positions information was 
provided to observers in real time. Areas with long dwell duration are obtained by the 
algorithm and used to form circled regions for a second look. 
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• 
• 
Take a new gazepoint 
No 
Yes 
Calculate the deviation of the 
gazepoint from the present fixation 
No 
No 
Yes 
s duration of thl 
gazepoint more than a 
etting duration 
Yes 1 
Store this gazepoint and re-calculate 
the centre of the present fixation 
J 
Chapter 2 
Finish algorithm 
~I duration of th 
~~zepojnt more than 
a, elling duratio . 
Yes 
Start a new 
fixation at this 
gazepoint 
No 
• 
Figure 2.3 Flowchart of fixation organization method of the developed program 
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2.2 Receiver Operating Characteristic (ROC) 
Analysis Method 
The ROC analysis method is based on signal detection theory and was originally 
developed for the analysis of radar signal detection . It was introduced into the studies of 
medical decision making by Lusted in the 1960s. ROC methodology provides a unique 
way to distinguish between the interpretation ability about images of different radiologists 
and any tendencies to 'under-read' (false negative decisions) and 'over-read ' (false 
positive decisions) (Metz, 1986). 
2.2.1 Standard ROe analysis 
Crnerion A 
Noise I 
distribution ~ 
8 Signal 
/ distribution 
TN TP 
FN 
Figure 2.4 Influence of threshold on 
sensitivity and specificity (X axis -
Confidence of positive decision, Y axis -
Proportion of cases). 
ROC analysis can evaluate the 
performance of a diagnostic imaging 
system that provides either continuous 
data or rating scale data. A rating sca le 
method requires observers to select a 
value to describe their confidence in 
several categories which is 
represented by numerical ratings, for 
example, 1- negative (no target present 
in the image), 2 - probably negative, 3 -
possibly positive, 4 - probably positive, 
5 - positive (target present) . The 
observer's decisions are divided into 
true positive (TP), true negative (TN), false positive (FP) and false negative (FN) based 
on different thresholds. The sensitivity or true positive fraction (TPF) is defined as the 
fraction of actually positive cases that is correctly diagnosed as 'positive'; 
S '" TP enslllvlty = ---
TP + FN 
The specificity or true negative fraction (TNF) is defined as the fraction of actually 
negative cases that is correctly diagnosed as 'negative'; 
S ifi · TN p ecl ICI ly = - - -TN + FP 
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Therefore, sensitivity and specificity depend on the particular criterion of abnormality 
adopted in the test. For instance, four confidence levels (2: 2, 2: 3, 2:4 , 5) can be chosen to 
define increasing confidence in a positive decision and there are four pairs of sensitivity 
and specificity for discrete rating data. If the threshold is set to a lower value (e.g. 
Criterion A in Figure 2.4), it will result in more positive decisions and a high hit rate , thus a 
higher sensitivity. But the criterion will also result in a high false-alarm rate because of a 
high proportion of positive decisions will be made on noise trials and a lower specificity 
(the number of TN decisions will be reduced) . By contrast, a higher criterion value (e.g. 
Criterion B in Figure 2.4) will result in a low false alarm rate, but also a low hit rate , 
corresponding to lower sensitivity and higher specificity. Thus, there is a reciprocal 
relationship between sensitivity and specificity. It is inadequate to express diagnostic 
performance by a pair of sensitivity and specificity measures because the choice of 
threshold will influence sensitivity and specificity. 
The ROC curve, independence of the threshold chosen , is the graphic representation of 
this reciprocal relati onship between sensitivity and specificity on the basis of all possible 
criterion value by sensitivity (true positive fraction , TPF) as the y coordinate and the false 
positive fraction (FPF = 1 - specificity) as the x coordinate (Figure 2.5) . Each point on the 
ROC curve represents one pair of sensitivity and specificity measures at a given 
threshold value. This curve must cross two operating points of (0, 0) and (1 , 1) which 
correspond to the two hypotheses that all cases are normal or abnormal, resulting in a 
TPF of 0 and a FPF of 0 (specificity = 1) or the TPF and FPF are both 1 (specificity = 0). 
Theoretically , when TPR = FPR (i.e. a worthless test) , then the ROe curve is a straight 
diagonal from the lower left-hand corner to the upper right-hand corner, called the chance 
line. The area under this line is 0.5. ROC curves are generally above the chance line. The 
further above the chance line an ROC curve is, then the better diagnostic performance. 
The perfect diagnostic performance is described as a line from the lower left-hand corner 
to the upper left-hand corner, then to the upper right-hand corner. The area under this 
curve is 1.0. Therefore, the area under the ROC curve (termed Az) is used to measure 
diagnostic performance. The value of Az is between 0.5 and 1.0. Higher values mean 
better diagnostic performance. 
An ROC curve, composed by connecting the discrete points generated from the various 
response ratings, is called an unfitted ROC curve (Figure 2.5). SPSS software has a 
function for calculating the Az value and drawing an unfitted ROC curve graph. A fitted or 
smooth ROe curve can be estimated on these discrete points by making an assumption 
that the test result or these results with transformation follow a certain distribution. The 
32 
Chapter 2 
assumption of a binormal form is the most widely used in medical imaging (Metz, 1986). 
The binormal model includes two parameters a and b, and assumes each conventional 
ROC curve has the same functional form which is composed from two normal (Gaussian) 
decision distributions (signal stimuli and noise stimuli respectively) with different means 
and standard deviations. The two parameters are relative to means and standard 
deviations of the signal and noise distributions. Maximum likelihood estimation is 
developed for estimating a smooth ROC curve based on binormal distributions. The 
means and standard deviations for the two parameters are derived through this method. 
The area under such a fitted ROC curve is often used as an index to evaluate the 
diagnostic performance. 
1 .0 
0.8 
I&:" 0.6 
t. 
~ 
.~ OA 
11 
~ 
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Figure 2.5 Unfitted ROe curve 
Several software programs developed for ROC analysis are available on the Internet. 
ROCK IT, was developed by the Department of Radiology of the University of Chicago, 
and is a program for calculating the maximum-likelihood estimates of the parameters of a 
'bivariate binormal' model for data and estimates the smooth ROC curves (Metz, 1998). 
ROCKIT is designed to fit both continuous and rating scale data and replaces other 
software such as ROCFIT, LABROC, CORROC2, CLABROC and INDROC. It allows for 
testing the statistical significance between two paired, partially paired or unpaired 
datasets. It fits for multiple cases in a study, but not for multiple readers taking part in an 
experiment. The software LABMAMR is applicable to multiple cases and multiple readers. 
2.2.2 More Meaningful ROe Analysis 
Standard ROC analysis is not appropriate in the analysis of some particular Situations 
such as the detection of a target with image localization and also for the detection of 
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multiple targets in a single image. ROC analysis only provides a partial analysis of 
performance because these summary ratings cannot take into account this location 
information and therefore create ambiguous results (Swensson, 1996). The ROe 
methodology generally does not allow multiple targets per image or multiple observer 
responses per image. 
Several promising methods have appeared to solve these situations. The 
'Localization-Response Operating Characteristic' (LROC) curve can use both ratings of 
target likelihood and target location. This method divides observers' 'true positive' 
responses into two sets at each decision criterion, based on whether or not the observers' 
decisions indicate a true target with correct location. The LROC curve depends on the 
proportion of positive ratings with correct location at each decision criterion as a function 
of the false positive rate (non-target image) . Although this method interprets human 
performance with localization in a more meaningful way, whether or not the localization is 
correct depends on how much of the image area can be considered as a target area. Also 
there is no formal statistical procedure for estimating the parameters of the measured 
data in this LROC curve (Swensson , 1996). 
If multiple targets are present in a single image, then free-response ROe (FROC) 
analysis is used (Swensson, 1996). In this way, observers can indicate their confidence 
and the localization of potential targets (Chakraborty & Winter, 1990). Subjects report on 
the numbers and locations of targets per image and indicate the confidence rating for 
each potential target in a free-response task. All true responses and all false responses 
are summarized together and generate an FROC curve. The X coordinate of the FROC 
curve plots the mean of the false positives per image and the Y coordinate is the fraction 
of true positives (correct location) at each decision criteria . Chakraborty & Winter, (1990) 
mentioned that there are two methods which analyze free-response data in a more 
general way. One is Alternative FROC (AFROC); the other is a new 
observer-performance experimental method, Free-response Forced Error (FFE). Instead 
of counting false positive responses from FROC images, false positive images are 
counted in AFROC analysis. Then false positive images can be estimated directly from 
FROC images without applying the POisson assumption. The FFE experiment forces 
subjects to make one false positive error on each image, otherwise subjects are 
requested to interpret the image until they make a false positive error. This exhaustive 
interpretation method guarantees that at least minimum information will be provided to 
the experimenter compared with the free-response experiment. These methods pool 
responses of actual and reported targets together which induces a strong constraint on 
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the observers' threshold of rating or localizing potential targets: 1) keep a constant 
threshold for all images; 2) keep the threshold independent between viewed images and 
un-viewed images (Swensson , 1996). 
When criteria cannot remain stationary, the observer's 'first-choice' (highest-rate) 
decision is selected on each image to summarize the free-response performance. 
Multi-Reader, Multi-Case (MRMC) ROC studies are performed to estimate and compare 
accuracies of diagnostic tests that usually involve several trained observers reading 
several cases and are designed as factorial experiments (Obuchowski et aI. , 2004). The 
variability in the factorial design may be from cases or observers. Several MRMC 
methods have been developed to cope with variances, correlations and interactions 
between observer interpretation and performance accuracy, model test accuracy, and to 
handle variance in observer performance. The Dorfman-Berbaum-Metz Method (DBM) 
was proposed to analyse multiple reader ROC data (1992). The basic idea of this method 
is to compute jack-knife pseudovalues. The basic data for analysis are pseudovalues 
such as the area under the ROC curve, which is computed by jackknifing cases 
separately for each observer. A mixed-effects ANOVA is performed on the psedovalues 
to test the null hypothesis that the average accuracy of observers is the same for all of the 
diagnostic tests . Accuracy can be characterized using any accuracy measure, such as 
sensitivity, specificity, area under the ROC curve, partial area under the ROC curve, 
sensitivity at a fixed false-positive rate , or specificity at a fixed true-positive rate. 
Furthermore, these measures of accuracy can be estimated parametrically or 
non-parametrically. In the DBM method, accuracy estimates are the correspondence 
jackknife estimates. Software for implementing the DBM method is available. LABMRMC, 
developed by the Department of Radiology of the University of Chicago in 1997, performs 
DBM MRMC analysis. Instead of modelling a jack-knife pseudovalues, the 
Obuchowski-Rockette Method (Obuchowski et aI. , 2004) could directly model the 
summary measure of accuracy (e.g. the ROC curve area). These methods are certainly 
very useful extensions of the standard ROC methodology. 
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Airport luggage screening questionnaire 
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Chapter 3 Airport luggage screening 
questionnaire 
3.1 Introduction 
The Department for Transport (OfT) in the UK established the aviation security 
regulations in order to provide a high standard of security screening and personnel for 
airports, airlines and their agents. A security screener must be trained appropriately. 
The trainer must hold an approved certificate from the Transport Security Directorate 
(TRANSEC) if they deliver aviation security training to security staff and after training a 
certificate will be issued to the trainee when they finish the relevant training course. Also 
the training certificate has to be renewed every few years. The TRANSEC approved 
training programme exists to enforce a minimum, uniform standard of competence for 
security screening by making sure that all trainees prove that they have the necessary 
and effective skills for the X-ray screening task before they work in the operational 
environment. Other than being aware of how to operate the X-ray equipment and the 
trace detection equipment, they need to be able to interrogate X-ray images and 
recognise in them a selection of prohibited items and everyday objects. Additionally, 
they require skills in hand searching , and also need to demonstrate good teamwork and 
communication between all staff members. OfT has summarised that "situations and 
attitudes", "awareness", "standards", "equipment" and "responses" are key elements of 
the aviation security screeners' role(DfT, 2005). 
Against this background then the stUdy aims of this chapter were to learn about the 
current training programme for aviation security screeners, and then understand the 
airport passengers' luggage image examination process, explore how experienced 
screeners make decisions, to determine what knowledge and skills are used for 
screening, and to investigate search patterns and X-ray features which both attract and 
do not attract their attention. 
A short questionnaire (Appendix I) was derived. This investigated several things and was 
developed from reading background literature and the OfT guidelines. Firstly, the 
advantage and disadvantage of current training systems, and what aspects should be 
trained were explored in the section on training experience. Secondly, the general 
inspection process was investigated from the aspects of search time, search pattern, 
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object selection and work shift. The essential knowledge and skills for the task were then 
extracted by questioning screeners on how they do the search task. 
3.2 Method 
Twenty-seven screeners (8 female) from Manchester airport and East Midlands airport 
completed the questionnaire. Average work experience was 5 years and 5 months. The 
shortest time as an airport security screener was 4 months and the longest was 37 years. 
Their age was from 22 to 61 years old. Participants were told that the purpose of this 
questionnaire was to find out how screeners detect threat items in passengers' X-ray 
luggage images and the results would be used for designing a future training system. It 
was emphasised that it was not a test and personal data would be confidential. 
3.3 Results 
3.3.1 Training experience (Questions 1-5) 
Three participants reported that they did not receive any training in the role as an airport 
security screener, the remainder were trained and thought the training was helpful for 
detecting threats in luggage X-ray images. 
The particularly useful aspects of training for participants as an airport luggage screen er 
were:-
• A good opportunity to practice as an airport screener. Learning how to operate the 
X-ray scan machine and the image enhancement functions. 
A chance to see what objects looked like in X-ray images. Learn about colour 
identification (different colour represents different things such as organic matter or 
metals), shape, size and density of objects. 
• The components of improvised explosive devices and firearms are shown to trainees 
which helps their detection. 
• It helped trainees know the form of differences between threat items and everyday 
objects, and to know what needs to be looked for. 
• Training keeps screeners updating their knowledge of threat items and learn ing 
about more threats. 
The less useful aspects of training course:-
• Training materials (X-ray luggage images, threat items) are limited and are not 
updated regularly. 
• The quality of X-ray images used for training was poor and grainy. 
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The training course was not long enough . There was no supervision during training 
and no test at the end of training. 
Training equipment (i.e. the computer screen) was different to the one in the real situation 
which makes the screener unaccustomed to reality at the beginning of actual work. 
3.3.2 General screening procedure (Questions 6-14) 
Fifteen participants (55.6%) indicated that they took 0-5 seconds to examine a single 
X-ray luggage image when a lot of passengers were in a queue and coming through the 
airport security check-in point. Seven participants (25.9%) thought they needed 6-10 
seconds and five participants (18.5%) thought they needed more than 25 seconds to 
examine each image. Fifteen participants (55.6%) thought they would not take a longer 
time to examine luggage items when the airport was not busy while seven (25.9%) 
thought they would. 
The remainder participants suggested that the examination time depends on how much 
visual clutter was in a bag. If the bag is full and cluttered , then more screening time is 
needed to distinguish and recognize objects in the bag. Seventeen participants (63.0%) 
thought that they did not have a regular scanning method in examining X-ray luggage 
images while seven (25.9%) said that they had. Five of them thought that they generally 
scanned images from left to right and concentrated on dense areas for detailed 
examination . Three participants said they looked at "what jumps out in the first glance" 
and concentrated on wires, dark or orange areas (i.e. organic matter -potentially an 
explosive) , any potential timer, liquid and sharp objects. 
Generally locations in X-ray luggage images which attract screeners' attention for 
detailed examination were reported to be: 
Dark areas; dense materials and organic materials. 
• Objects which looked like threat items. 
Areas with a colour of 'orange' or 'blue'. 
• Wires, electrical components; especially wires/battery close to an orange mass. 
Liquid or bottle. 
These objects/features are just the features which they report influence screeners to 
make positive decisions and cause a difficulty in recognition . 
When bags are very full , or cluttered or filled with a lot of electronic materials it is difficult 
to make a decision and therefore a hand search is necessary in this situation. Before 
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turning on any image enhancement functions all screeners usually examine the bag 
images. They thought the most useful image enhancement functions for assisting search 
were: 
• 'Crystal clear', a selectable computer automated image optimisation function, giving 
maximum simultaneous image information. 
'High intensity', the intensity of X-ray beam is very high so that more X-rays penetrate 
the luggage and makes the image bright. 
'Organic/inorganic materials', specific colours are material types that are scanned 
through the X-ray system. For example, orange represents organic 
(explosives/drugs), blue indicates inorganic (metal/table salt). 
'Inverllnegative', by inverting the image display then some image characteristics are 
highlighted which are not necessarily clear in the origina l image. 
These all highlight some areas or some bag content characteristics and therefore make 
the images clearer. Eight participants thought 'black and white' was relatively useless 
compared to the other functions for helping make a decision while two partiCipants 
thought it was very helpful for looking for wires. Generally, screeners felt that the overall 
time spent screening without a break should not be longer than 25 minutes (now a twenty 
minutes shift is adopted). They said that they needed a break for 30-40 minutes after a 
shift. 
3.3.3 Essential knowledge and skills (Questions15-17) 
The following is a summary of the knowledge and skills for an airport security screener 
detecting threats in luggage images as reported from the questionnaire:-
Knowledge of everyday objects in people's travel bags. 
Knowledge of prohibited items and their component parts, and this must be kept up 
to date. 
• Awareness of forms and features of objects in X-ray luggage images. 
• The ability to recognise objects from any angle and in a short time. 
Understanding how to use function keys and the image features corresponding to 
each function key, and also the meaning of each enhancement (e.g. what each 
colour means in terms of materials such as organic, glass, metal etc.). 
Concentrating and remaining alert at all times. Staying calm if a threat was detected 
and keeping people around calm. 
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3.4 Discussion and Conclusions 
The questionnaire was designed from three aspects: training experience, general 
screening procedure, and essential knowledge and skills in order to understand the 
current training system and the airport screening task. Screeners thought training was 
necessary and helpful for learning what threat items looked like, how to operate the 
scanning machine and the function keys, understanding each enhancement, and also the 
basic qualities of being security personnel. Screeners felt ongoing training of updating 
threat items was not enough and that the training system was too old to cope with real 
screening situations. Most of the screeners were confident that they could examine a 
luggage item in a short time. 
Most participants did not think they had a regular scanning pattern. With examination 
tasks which are frequently performed, such as this , then their operation becomes 
'automatic' and could be a possible reason that most screeners do not think they have a 
strategy or method for examining X-ray luggage images. Dark areas, dense and organic 
materials attracted screeners' attention for detailed examination. Screeners thought the 
most important knowledge were shapes of threat items from any viewpoints , and the 
features of X-ray images. 
The information which was obtained from the questionnaire indicates several issues for 
designing a proper training system for improving screeners' performance. In the following 
chapters these issues will be expanded upon as follows: 
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5 
6 
7 
8 
Information or issues 
obtained from questionnaire 
Screeners are confident of 
searching a single X-ray 
image in short time 
Screeners employ expertise 
to complete the search task 
The knowledge about what 
threats looked like is very 
important for a screen er. 
Training system is old and 
ongoing training is not 
enough. 
Features of X-ray images 
affect objects identification 
Chapter 3 
Study based on results of questionnaire 
The effect of time pressure on search 
and performance was investigated to 
understand the search task and to 
design better training schema for coping 
with the stressful work. 
The comparison between screeners and 
na'lve observers was done to explore 
how the essential knowledge and skills 
of the search task are developed. 
Practice and transfer on specific threat 
items were explored to determine a 
proper training scheme. Is a shortcut 
available in learning and identifying 
more threats? 
A perceptual method was examined in 
order to enhance the screeners' search 
performance. 
The effect of image features on 
detection was explored and the salient 
regions obtained by pure characteristics 
of stimuli property were employed as an 
enhanced function for searching. 
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The effect of time pressure on searching 
X-ray luggage images for threat items 
Chapter 4 The effect of time pressure on 
searching X~ray luggage images for threat 
items 
4.1 Introduction 
The work environment of airport security screeners is noisy and time-pressurised 
because of passenger flow and also the images they search have a low signal-noise-ratio 
with varying background . Generally, the search time is less than ten seconds per luggage 
item (based on the results of the questionnaire in Chapter 3). In such a short period 
screeners have to not only locate the proper area of a potential threat item but also 
recognize the threat object, even in a camouflaged situation or in a cluttered background. 
Previous research has shown that under limited time pressure, the decision maker has to 
trade-off time for accuracy so that information was processed more rapidly and 
performance declined (Payne et aI. , 1988). Several possible strategies could be adopted 
under time pressure: acceleration - processing is accelerated under a deadline situation; 
filtering , some information is skipped in the face of a time constraint; strategy shift, the 
strategy is changed from compensatory (identifying the complete set of attributes that 
could affect the success of choosing any of the available options when making decisions) 
to a simpler, non-compensatory (comparing attributes to some threshold level and 
eliminating any alternative which does not meet the threshold level for anyone of its 
attributes) strategy by which information acquisition is faster and easier to complete 
(Sen-Zur & Sreznitz, 1981 ; Zakay, 1985). The effect of time pressure is strong . Zakay and 
Wooler (1984) found that performance was improved after training under an unlimited 
time condition, but it did not transfer to a time pressured condition. 
The purpose of this study was to explore how time pressure affects detection 
performance and visual information acquisition. Additionally, the mechanism of 
Satisfaction of Search (SOS) in luggage inspection is also explored by adding Simulated 
threat items into some of the test luggage images. It was hypothesised that when time 
was limited then na"ive observers would search the images faster for target threat items 
but they would also make more errors. Visual search under a time stressed condition 
would be highlighted by eye movement data analysis, which would contain important 
implications for designing training schemes to help screeners to cope with the stressful 
work at an airport. 
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4.2.1 Method 
Participants 
Chapter 4 
Twenty-one participants (12 male, 9 female) took part in the study. Other than one person 
who had nystagmus (His eye position data were not available but his decision confidence 
on each image contributed into the overall performance measures.), all participants had 
normal or corrected-to-normal visual acuity. All of them had no experience of this search 
task. 
Stimuli and Apparatus 
Stimuli were 50 X-ray luggage images. Half of all the images were normal bag images. 
The remaining images contained threat items: twenty images contained a single threat 
item and five images contained multiple threat items. Only one threat item in the 
multi-threats passenger luggage was native, the simulated threats were inserted into 
images at random locations and at random orientations. Figure 4.1 is an example of an 
X-ray image containing native and simulated threat items. Participants' eye movements 
were recorded by a Tobii eye-tracker (X50) with temporal resolution of 50 Hz and spatial 
resolution of 0.35°. They viewed images on a 21 inch monitor with high resolution of 
1280 x 1024 pixels at a viewing distance of 70cm. 
Simulated 
threat Item 
-Knife 
\ I 
_ "uun threat 
Item ·IED 
Figure 4.1 An X-ray luggage image with multiple threat items. 
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• 
Searching five luggage 
Images as practice 
1 
I Calibration I 
Searching fifty luggage images 
Indicating the location of 
potential threat item In the 
original X-ray images and 
experimenter recorded it 
Yes 
No 
No 
(10 second time limit) 
Indicating the location of 
potential threat item In a 
simulated image and 
experimenter recorded it 
L-
• 
Figure 4.2 The experimental procedure of the unlimited viewing time and the 10 
seconds time limited conditions. 
Procedure 
Participants were instructed to imagine that they were security screeners at an airport 
check-in point and that their task was to search for potential threat items (guns, knives 
and IEDs) in X-ray passengers' luggage images. The compositions of IEDs were 
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explained to participants and some images of threat items were shown before the search 
task started since naive people are inexperienced and they do not know what the search 
targets looked like. Firstly, the eye tracker was calibrated for an accurate estimation of an 
observer's point of gaze. The calibration routine displayed a series of calibration points on 
the screen and participants were asked to sequentially concentrate on visually attending 
to each point. Then participants viewed five X-ray luggage images as practice of 
searching threat items in X-ray luggage images. Finally participants examined fifty X-ray 
luggage images. For each image, they had to rate their decision confidence in whether or 
not a target threat item was present using a five-point rating scale: 1 - definitely absent, 2 
- probably absent, 3 - possibly present, 4 - probably present and 5 - definitely present. 
Other than for decisions of 1 or 2, participants were also asked to indicate the locations of 
potential threat items by pointing to the location which the experimenter then noted. 
Figure 4.2 shows the experimental procedure of the two viewing conditions. 
Ten participants viewed images in an unlimited viewing time condition and the remaining 
participants viewed images within a 10 seconds time limit. In the time pressure condition, 
participants rated their decision confidence and located any threat item on a simulated 
image which was immediately displayed after 10 seconds of stimuli presentation and 
which had the same overall profile as the previous X-ray luggage image they had just 
Viewed . This allowed participants to locate the threat within the overall shape of the bag 
image but without the detailed image information being present which would simply have 
given them more viewing time. 
randomized order. 
4.2.2 Results 
Performance 
Each participant was shown the images in a 
The confidence ratings of 3, 4 and 5 were scored as positive responses and 1 and 2 were 
scored as negative responses. For target-present images, responses of participants were 
divided into true positive (TP - correct confidence ratings and location) and false negative 
(FN - negative decision or incorrect location of threat items). For target-absent images, 
participants' responses were divided into true negative (TN - correct confident ratings) 
and false positive (FP - positive decision) . 
Multiple-threat images were excluded from this performance analysis. Table 4.1 lists the 
responses of participants on single-threat and threat-absent images in both the unlimited 
time and time pressure conditions. A T-test showed that there was a significant effect of 
viewing time on TP decisions, t = 3.90, df = 19, P = 0.001, reflecting a better overall TP 
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decisions in the unlimited time, 0.70 more than that of the time pressure condition, 0.45. 
There was no difference on FP decisions between the two conditions, 0.41 for unlimited 
time and 0.42 for time pressure. Figure 4.3 shows that the overall performance in the 
unlimited time condition was better than that of the time pressure condition. 
Table 4.1 Res[!onses of [!artici[!ants in unlimited time and time [!ressure conditions 
Threat-[!resent Images Target-absent Images 
Participant Unlimited Time Time Pressure Unlimited Time Time Pressure 
Number TP FN TP FN TN FP TN FP 
1 11 9 7 13 18 7 17 8 
2 15 5 15 5 16 9 12 13 
3 17 3 8 12 12 13 24 1 
4 18 2 9 11 12 13 7 18 
5 12 8 12 8 15 10 14 11 
6 14 6 12 8 9 16 9 16 
7 13 7 10 10 13 12 14 11 
8 10 10 6 14 20 5 17 8 
9 14 6 6 14 18 7 14 11 
10 13 7 8 12 20 5 14 11 
11 7 13 18 7 
Mean 14 6 9 11 15 10 14.5 10.5 
1 
0.8 
0.6 .- . 1:- : - :'- : r- - ' - : :- ' '- J--N 
-< 0.4 .- : 1- : - - 1- : - - - -
0.2 . 1- · - . - . - . - . - . - . -
0 
1 2 3 4 5 6 7 8 9 10 11 
Participant Number 
I Cl Unlimited T ime ~ Time Pressure I 
Figure 4.3 Az values of participants in unlimited time and time pressure conditions 
Data were analysed using Receiver Operating Characteristic (ROC) methodology and 
detection performance was expressed by the area under the ROe curve (A,), which 
jOintly considers both hits and misses. Figure 4.4 shows the mean overa ll performance of 
participants in pooled ROC curves with an accuracy measure (A,) value of 0.74, for 
unlimited time which was better than 0.61, for the time pressure condition, t = 4.13, df = 
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19, P = 0.001 . As the figure shows in the time pressure condition the performance was 
quite close to chance. 
,..... 
0.9 . ,/ 
~ 
/' 
0.8 . ,/ 
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,/ 
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" 
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•• 0 I "- 0.4 ~ 
- I , ;.. 
---Az=O.61 . 'lime Pres snn! Condi tion 
- ... \z=0.74 , Unlimited l i me C ondition 
O '~-+---r--+-~---+--~--r--+---r~ 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
Fals e Pos itive Fracti o n 
Figure 4.4 Mean overall performance of the na'ive participants in pooled ROe 
curves under unlimited time and time pressure conditions 
Eye movement data 
The eye movement data analyses primarily focus on the fi xations which are relative to 
information processing rather than the saccades which describe the temporal sequence 
of eye movements during visual search of the images. Measures of eye movements, 
including fixation duration, the distribution and associated measures correlated with 
target areas in an image, are employed to understand visual information acquisition and 
processing in this study. Temporal factors are taken into account when fixations are 
generated by an algorithm which determines whether or not successive eye position data 
exceed certain spatial and temporal thresholds (see Chapter 2). Scan paths, connecting 
sequential fixations with lines, are not analysed in this study , since a suspected target is 
often fixated subsequently or not sequentially re-fixated for verification in a search task. It 
is a natural behaviour of re-fixating areas when detecting targets and scan paths are 
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observer specific (Croner and Menz, 1985). The temporal sequence of eye positions is 
not important when analysing eye movements during the examination of complex images 
(Mannan, et ai. , 1997). Particularly of interest here is the depth of visual information 
processing, the areas of interest and visual attention distribution which are relative to 
object detection and recognition are investigated by the duration , number and distribution 
of eye fixations. 
Area of Interest (AOI) 
An Area of Interest (AOI) was defined in order to analyse how visual information was 
acquired and processed for decision making. In consideration of the irregular form of any 
threat item in these images, the dimensions of the AOI were determined by the form of 
the threat item in a bag, the visual angle subtended by the fovea and the accuracy of the 
Tobii x50 eye-tracker. The fovea is the area of the retina that provides the best visual 
resolution and subtends a visual angle of about 1.2 degrees (Schwartz, 1994). The 
accuracy of the Tobii x50 is 0.5-0.7 degrees. The AOI was therefore estimated to be an 
area which had a similar form to the threat item profile, but it was about 1.2 cm wider than 
the edge of the threat item, which at a viewing distance of 70 cm subtended about l ' 
visual angle (see figure 4.5) . 
Figure 4.5 An example of an AOI in an X-ray luggage image 
The eye tracker generates the raw eye position data every 1/5Oth seconds. These raw 
data were then grouped into meaningful fixations on the basis of fixation radius and a 
minimum fixation duration by the method described in Chapter 2. Fixation radius was set 
as 2.5 degrees which was the size of the typical Useful Field Of View (UFOV) in medical 
imaging (Nodine et ai., 1992) and had been shown it was reasonable to apply to the 
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luggage image examination task (Gale et ai. , 2000). The UFOV is defined as the area 
around the fixation point from which the information is being processed (Mackworth , 
1974). The dwell time within an AOI can be obtained from fixation clusters within it. In this 
way, true-positive (TP) and false-negative (FN) decisions relate to the dwell time in the 
AOI and the time to first enter an AOI (starting from the point when the image is first 
presented until the AO I is first dwelled on by a fixation). 
The time to first enter an AOI and the dwell time in the AOI under two experimenta l 
conditions with Single-threat images are listed in Table 4.2. For TP responses , the time to 
first enter the AOI in the unlimited viewing time condition was longer than that of the time 
pressure condition, but this difference was not significant. Additiona lly, the dwell time in 
the AOI during the unlimited time condition was significantly longer than that of the time 
pressure condition , t = 3.92, df = 18, P = 0.001 . For FN responses, the time to first enter 
the AOI and the dwell time in the AOI of the unlimited time were both reliably significantly 
longer than those of the time pressure, t = 3.56, df = 18, P = 0.002 and t = 3.80, df = 18, P 
= 0.001 respectively . The dwell time in the AOI for TP responses was significantly longer 
than that for the FN responses in the time pressure condition, t = 2.32, df = 18, p< 0.05. 
However, in the unlimited time condition, the dwell time in the AOI for TP responses was 
shorter than that for FN responses; although the difference was not significant. 
Table 4.2 Hit rate, mean time to first enter AOI and dwell time on AOI of two view 
conditions according to responses or threat item categories in single- threat 
images 
AOI 
Response or Threat Time to first Dwell time on 
Item Category enter AOI AOI Hit rate 
(msec) (m sec) 
TP Unlimited time 1053 5621 0.70 
Time pressure 898 2983 0.45 
FN Unlimited time 1376 6692 
Time pressure 690 2187 
Gun Unlimited time 2431 2662 0.68 
Time pressure 2151 1350 0.65 
Knife Unlimited time 1099 5129 0.80 
Time pressure 474 2746 0.65 
lED Unlimited time 794 7140 0.62 
Time pressure 522 2960 0.33 
Table 4.2 also lists the time to first enter the AOI and the dwell time in the AOI of the gun, 
knife and lED in single-threat images under the two viewing conditions. The effect of the 
type of threat item on the time to first enter the AOI and dwell time in the AOI was 
significant for both the unlimited viewing condit ion F (1 , 18) = 9.66, p = 0.001 and F (1,18) 
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= 7.92 , P = 0.002; and the time pressure condition F (1 , 18) = 17.74, P < 0.001 and F (1, 
18) = 9.24, P = 0.001. Post Hoc tests showed that the time to first enter the AOI of a gun 
was longer than the AOI of an lED for both the unlimited and time pressure conditions, p 
= 0.001 . Furthermore, the dwell time in the AOI of a gun was shorter than that of an lED 
for both the unlimited viewing condition and the time pressure condition, p= 0.001 . There 
was the same relationship between the knife and the lED for both viewing conditions but 
this difference was not significant. Hit rates for IEDs were the lowest in both viewing 
conditions and hit rates for IEDs under time pressure was significantly lower than that for 
the unlimited time, X2 = 19.32, P < 0.001 . 
Scanning pattern 
Kundel and Wright (1969) roughly divided the eye movement patterns of visual search 
into three types: circumferential, localized and complex. Although this method of search 
pattern analysis is subjective, it reflects the characteristics of visual search patterns to 
some extent. Here are some examples of the three kinds of visual search patterns found 
in this experiment. 
t • ~ 
, i / 
~ 
0 
A B C 
Figure 4.6 Examples of three kinds of visual scanning patterns: A. Circumferential 
pattern. B. Localized pattern. C. Complex pattern. 
Multiple-threat images 
For the unlimited viewing time, the mean total search time was 17.5 seconds for 
single-threat images, 19.8 seconds for multiple-threat images and 19.8 seconds for 
threat-free images. The difference between single-threat images and multiple-threat 
images was 2.3 seconds (not significant). 
The miss rate for multiple-threat images was 8% (4/50) in the unlimited time condition and 
22% (11/50) in the time pressure condition ; this difference was significant, X2 = 3.84, P = 
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0.05. However, on ly five decisions (there were totally fifty decisions for multiple-threat 
images) were completely correct in which all of threat items in the images were detected 
in the unlimited viewing time condition, and four decisions in the time pressure condition. 
The hit rate was 0.55 for a gun, 0.63 for a knife and 0.48 for an lED in the unlimited time 
and 0.60 for a gun, 0.47 for a knife and 0.24 for an lED under time pressure . The hit rate 
for the lED in multiple-threat images still was the lowest in all three kinds of threat items 
and the hit rate of the lED under time pressure was significantly lower than that in 
unlimited time, X' =6.25, P < 0.05. 
The time to first enter an AOI was 1,872 ms in the unlimited time condition and 1,339 ms 
in the time pressure condition; this difference was significant, F (1 , 18) = 5.03, p < 0.05. 
The dwell time in the AOI under the unlimited viewing time was significantly longer than 
that of the time pressure condition (4039 ms vs. 21 OOms), F (1, 18) = 11 .17, P = 0.004. 
Table 4.3 Mean gaze duration and percentage of the three types of miss errors 
according to image categor:r: in the two viewing conditions 
Error T:t,ees 
Search Errors Recognition Errors I nte r~retation Errors 
Total 
Number Gaze Missed Gaze Missed Gaze Missed 
of Missed Duration Responses Duration Responses Duration Responses 
Image Calegol'/ Threat (msec) (%) (msec) (%) (msec) (%) 
Items 
Unlimited Single- 67 0 10.5 655 13.4 7659 76.1 
Time threat 
Condition Multiple- 55 0 29 456 16.4 6602 54.6 threat 
Time Single- 107 0 B.4 519 15.9 2960 75.7 
Pressure threat 
Condition Mulliple- 70 0 10 545 28.6 2963 61 .4 threat 
Previous studies indicated that miss errors have been divided into three categories: 
search errors, recognition errors and interpretation errors (Kundel et ai, 1978). If the 
target area is not fixated by any fixation points, then miss responses are scored as search 
errors. If fixations or cumulative clusters hit on threat areas, and the gaze duration is less 
than 1,000 ms, then the miss responses are termed recognition errors. If fixations or 
cumulative clusters hit on the threat areas and the gaze duration is longer than 1,000 ms, 
then the miss responses are scored as interpretation errors. The mean cumulative gaze 
duration on threat item areas and percentage of missed responses according to image 
categories in the two viewing conditions are listed in table 4.3. Interpretation errors were 
the main error type in all situations. Cumulative gaze duration of the interpretation errors 
in the unlimited viewing time was longer than that in the time pressure condition for both 
single-threat and mUltiple-threat images. 
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Fixation map 
The traditional measures of analysing eye movement data such as: fixation number, 
mean fixation duration, dwell time on area of interest (AOI) and so on, really help the 
researcher to learn about where people tend to look in an image and how people obtain 
visual information. However, it is not intuitional enough so that people cannot have a clear 
impression of where they have and have not visual examined when they only read 
descriptions about these measures. Additionally, it is difficult meaningfully to compare 
two fixation patterns on an irnage. A novel method , the attentionallandscape was used to 
visualize these unwieldy data by Pornplun et al. (1996) and irnproved by Wooding (2002) 
who called it a fixation map. A large amount of eye movement data can be manipulated 
and expressed by the method of fixation maps. 
The fixation map analysis is a three dimensional representation of the distribution of 
fixations on an image or multiple images. Each fixation is approximated by a Gaussian 
envelop. The hypothesis of this method is that the visual information available to the 
observer examining the image falls off with increasing distance from the centre of the 
foveola (Pomplun , Ritter and Velichkovsky, 1996). This is reflected in the fixation map by 
the height of each fixation falling off with the distance from the centre of the fixation and 
this can be represented as a three dimensional Gaussian distribution centred at each 
fixation point. The information obtained around a fixation point then is considered to be a 
Gaussian distribution which does not mean no information is available at the peripheral 
areas. The information from peripheral regions is used to organize or plan the next eye 
movement. Replacing each fixation by a Gaussian envelope indicates that the 
neighbourhood area around the fixation is probably selected as the next fixation point. 
The height of each fixation is an indefinite value in Wooding 's method. It could be "a 
IOW-level measure of the amount or quality of information obtained from a single fixation 
or, at high-level, the degree of discrimination, detection or perception achieved" 
(Wooding, 2002, pS18). When a fixation map was built, every fixation was considered in 
an identical way with the same height (Wooding, 2002) while Pomplun and his colleagues 
(1996) weighted fixations for their durations, and the overlaps between fixations were 
accumulated into the final height at that point. Wooding (2002) suggested the true width 
of the Gaussian is determined by the stimuli and the task requirement. The standard 
deviation of l ' visual angle was adopted in the research of Pomplun and his colleagues 
(1996) and a standard deviation of 2' visual angle was used by Wooding (2002). The 
width of Gaussian determines the form of the final fixation map: a small width will result in 
a sharp surface and a large width will result in a gentle one. 
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In the present study, a fixation map gives an opportunity to learn how a group of people 
search X-ray luggage images under different viewing conditions or how people with 
different experience complete the search task based on the spatial and temporal 
distribution of fixations. Pomplun and his colleagues' method of determining the height of 
each fixation is adopted in this study - the height of each fixation was weighted by its 
duration. The width of the Gaussian envelope was decided by the useful field of view 
(UFOV) of 2.5 degrees which is the filter of grouping raw eye movement data into 
fixations, since it represents the characteristic of information processing of this search 
task. The fixation map is drawn using MATLAB software based on the fixation data after 
the height and width of the Gaussian envelope are determined. 
The following shows the comparison of fixation maps of images with the best and worst 
detection performance both in unlimited viewing time and in time pressure conditions. For 
single-threat images, the images with the best and worst performance in the two viewing 
conditions are listed in table 4.4. The threat items of G02, K04 and SM07C4ET images 
were detected by nine or ten participants, whilst the threat items of G06, bomb95 and 
SM121DSE images were only detected by less than four participants. Therefore fixation 
maps of these six X-ray luggage images were generated to explore the distribution of 
fixations in the unlimited time and time pressure conditions and to further understand why 
threat items are missed. 
Table 4.4 Images with the best and worst performance in both viewing conditions. 
Image name Number of True positive decisions 
A-1 kb0044-G02 
A-1 ke1643-K04 
A-b36-SM07C4ET 
A-1 kb3931-G06 
A-b01v1-bomb95 
A-1 kf1352-SM121 DSE 
Unlimited viewing time Time pressure 
10 10 
9 9 
9 9 
3 1 
1 0 
3 0 
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Figure 4.7 Fixation maps of three images with the best performance in the two 
viewing conditions across 10 participants each. 
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Hotspot figures 
X-ray luggage image Unlimited time Time pressure 
Figure 4.8 Hotspot figures of images with the best performance in the two viewing 
conditions across 10 participants each. 
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Figure 4.9 Fixation maps of images with worst performance in the two viewing 
conditions across 10 participants each. 
The fixation data for drawing the fixation maps are from the same data source of the 
previous study. The eye movement data of ten participants were pooled together and the 
fixation durations weighted in order to extract the distribution of all fixation data for each 
image. The height of the final fixation map is determined by the duration of each fixation 
point and all existing fixations are superposed at that map pixel. The height of any fixation 
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point is not its real fixation duration but is in proportion to the other fixation durations. The 
fixation distributions for ten participants in each viewing condition were expressed using 
fixation maps. 
For the single-threat images with the best performance (see figure 4.7), observers in the 
two viewing conditions fixated on the target areas for a long time. They all were inclined to 
be attracted by dark areas, electronic components and wires. Since the height of fixations 
was weighted by the fixation duration, the height of the fixation map between the two 
viewing conditions cannot be compared to each other. The fixation maps show the 
effectiveness of visual scanning of naive observers who were even able to fixate on the 
target areas and allocate their attention effectively under the time pressure condition. The 
hotspot figures (see figure 4.8) also showed the same tendency of fixation distribution 
using a 20 fixation map. Fixations on images G02 and K04 were centralized in the 
unlimited time condition whilst they were dispersed in the time pressure condition . The 
reason for this might be that in the unlimited viewing time condition participants fixated on 
target areas freely and longer than other areas of the image such that the fixation height 
of other areas was cut when the height of the fixation map was weighted by the fixation 
duration. However, participants cannot concentrate on a single region (e.g. target area) 
as long as they may have wanted to in the time pressure condition since they had to 
allocate attention over the rest of the image in order to make an appropriate decision 
within the 10 seconds viewing limit 
For the single-threat images with the worst performance in the two viewing conditions 
(see figure 4.9) , participants did the same thing - they allocated attention on dark and 
dense areas. However, observers did not detect the threat items which are in the 'end-on' 
viewpoint (e.g. A-1kb3931-G06); or appear as other everyday objects (e.g. 
A-b01v1-bomb95) even though they fixated on the target areas in these images. The 
fixation distribution of two viewing conditions was dispersive since most participants did 
not detect targets in the three images and they allocated attention on more items to 
examine them. Additionally , similar locations were selected for scrutinization between the 
unlimited time and the time pressure conditions based on the fixation map analyses. 
Although fixation maps do not provide a quantitative analysis, they intuitively display the 
fixation distributions of the ten naive observers searching the X-ray luggage images for 
threat items. 
Two multi-threat images were chosen to construct fixation maps. One image 
(A-bja1912-BOMB131-g13) contains two threats and the other image 
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(A-bja3355-BOMB8-5k5t-gun38v20Id) contains three threats. For the two images, the 
detection rate in the unlimited viewing time was better than that under a time pressure. 
Under unlimited time, some fixations with short duration were merged into other fixations 
of a long duration when the height of the fixation map was weighted by fixation duration. 
Therefore, it seems that the observers concentrated on a special area in the unlimited 
viewing time condition while the observers under time pressure averagely allocate their 
attention all over the image. 
, 
, " 
A-bja1912-BOMB1 31-g13 
, 
d O 
A-bja3355-BOMB8-5k5t-gun38v20Id 
'~ .. 
a) Unlimited viewing time condition b) Time pressure condition 
Figure 4.10 Fixation maps of multi-threat images in the two viewing conditions 
across 10 participants each. 
4.2.3 Discussion 
In this study, visual scanning and information acquisition were examined under unlimited 
time and time pressure conditions in a simulated airport security examination task. As 
expected, overall detection performance in the unlimited time was significantly better than 
that under time pressure. The hit rate under time pressure was clearly worse than that of 
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unlimited time. Also, participants were inclined to accelerate their search under time 
pressure. They fixated on target areas more quickly and were faster to detect and 
recognize targets than they were in the unlimited time situation . The results were 
consistent with the result of research that shows that a time pressure may increase 
incentive and psychological stress. People either reduce the threshold of their decision 
making (decision criteria) or accelerate information processing under a high stress level 
(Ben-Zur & Breznitz, 1981). Generally, performance is measured by accuracy and the 
speed of making a decision , which tend to be positively related. When decisions are more 
significant and more accurate, then a greater investment of effort strategy is used; when 
decisions are less important, then a less accurate and less investment of effort strategy is 
used (Beach & Mitchell, 1978). Participants under time pressure in this study had to 
complete the task using the trade-off relationship between speed and accuracy as their 
decision confidence was rated and also potential areas of threat items indicated after 10 
seconds of viewing. In the time pressure situation, speed is a more important factor for 
decision making so that acceleration , filtering or non-compensatory strategies could be 
used to cope with this situation. Participants under unlimited time had enough time to 
scrutinize every suspect area which is reflected by the dwell time on threat items with FN 
decisions was longer than that of TP decisions. 
More than 70% of the miss errors of single-threat images were interpretation errors. One 
of the possible interpretations of this error rate is that the na'IVe participants lack the 
knowledge of what a threat item is and what a threat item looks like so that they could not 
recognize them, even when they fixate on them. Additionally, there was no difference on 
the FP deCisions between the two experimental conditions, which suggested that naive 
people were not inclined to 'over-read' the X-ray luggage images in the adequate time 
condition . NaIve people were able to detect familiar, common objects more effectively 
which was refiected by a higher hit rate for knives and guns than that for IEDs, and they 
were faster to recognize guns and knives than IEDs. The fixation distributions of all 
participants were examined using the fixation map approach. The fixation maps showed 
that observers in the unlimited time condition fi xated on a special area for a long time 
while observers under the time pressure condition were inclined to allocate attention 
evenly over the image. 
Not surprisingly, participants accelerated their speed of search of the multiple-threat 
images in the time pressure condition. Time significantly influence the hit rate: less threat 
items were detected under time pressure than in unlimited time condition. The 
phenomenon of satisfaction of search (SOS) occurred in both conditions. Only five 
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positive decisions under unlimited time were completely correct responses (SOS did not 
happen) and four positive decisions in the time pressure condition were completely 
correct responses. One possible reason for this is a lack of knowledge of the appearance 
of threat items. Moreover, the low performance criteria of the na'ive participants caused 
an early termination of their search, reflected by no difference in decision time between 
the single-threat images and the multiple-threat images in the unlimited time condition. 
The results of SOS is not as severe as is found in the medical domain because 
participants detected one or two threat items in most of the multiple-threat images such 
that in real life these luggage items would have been selected for a subsequent 
hand-check by security staff which could prevent miss errors. 
Decision making is a complex cognitive activity, sensitive to situational and environmental 
conditions (Payne, 1982). Airport screeners were inclined to adopt a conservative 
strategy which would search the available information completely as the decisions they 
must make are significant and also they are responsible for their decisions. However, 
screeners have to accelerate their search to cope with the real world situations - for 
instance when there are many passengers queuing at the security check point. Some of 
these results provide useful guidance for a training scheme in that threat items should be 
updated constantly and a certain minimum number of X-ray luggage images should be 
read in order to develop the appropriate skills and expertise. This is based upon the 
finding that although na'ive observers fixated on the threat items they still failed to 
recognise them. Secondly, training under a time pressured condition is recommended 
in order to ensure adequate high detection ability in real life situations. Here, observers 
under the time pressure condition were faster in processing the visual information and 
then made a decision so that their accuracy rate was affected by their limited resource 
arrangement. Experience of this demanding situation during training would then, it is 
argued here, be a potential aid for ensuring good detection performance. 
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The results of the last chapter showed that the performance of naive observers under a 
time pressure condition was much worse than that in an unlimited examination time 
condition when they searched for threat items in X-ray luggage images. The 
questionnaire of chapter 3 indicated that screeners generally searched each luggage 
item in 10 seconds. In order to explore how search skills developed and to understand 
the nature of expertise in screening, the difference between security screeners and naNe 
observers in searching for threat items in X-ray luggage images is compared in this 
chapter. 
Firstly, the detection performance and eye movement data between screeners and naive 
observers is analysed for exploring how experience influences visual search when the 
search task is completed by both types of observers in the same condition. Screeners 
should evidence better performance and visual search skills than naive observers. In the 
second experiment naive observers are shown some images of threat items which are 
similar to the threat items used in the subsequent test. It is assumed that the skills of 
search and recognition are transferable to familiar target objects so that the naive 
observers' performance should be as good as the security screeners who are not shown 
such similar target items before testing. The results are analysed based upon the 
application of designing a training scheme. 
5.1 Experiment 2 
5.1.1 Method 
Participants 
Eight students and staff members of Loughflorough University and eight airport screeners 
took part in this study. All participants had normal or corrected-ta-normal vision . 
Stim uli and Apparatus 
Stimuli were 30 X-ray air passengers' luggage images. Half of all the images were 
target-absent images. The remaining were target-present images and each image 
contained a single threat item, such as a gun , knife or improvised explosive device (lED) . 
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Images were displayed on a 21 " monitor with a resolution of 1280 x 1024 pixels in 32-bit 
colour mode. Eye movements were recorded by a Tobii eye-tracker (X50) with a temporal 
resolution of 50 Hz and a spatial resolution of 0.35°. 
Procedure 
Prior to beginning the experiment, the eight naNe participants were informed that an lED 
is composed of a potential detonator, wires and a power source connected together. 
Otherwise, the naNe participants did not know what comprised an lED target since they 
were inexperienced about it. The experimental procedure was the same as for the 
experiment in chapter 4: a calibration was first performed, fol lowed by viewing five X-ray 
luggage images as practice, and then thirty images for a test. Again , participants 
searched the images, rated their decision confidence and indicated the potential location 
of a threat item if their decision was positive that a threat was present. Participants were 
required not to spend more time on each image than was necessary. Naive observers 
completed the task in a University laboratory whilst the screeners did it in a free conveyor 
lane of security screening at an airport. 
5.1.2 Results 
Performance 
Table 5.1 The responses, TPF and FPF in all t hreshold of naive observers and 
screeners 
Naive observers Screeners 
Threshold TP FN TN FP (TPF , FPF) TP FN TN FP (TPF, FPF) 
~1 120 0 0 120 (1, 1) 120 0 0 120 (1 , 1) 
~2 96 24 31 89 (0.8, 0.742) 105 15 44 76 (0.875, 0.633) 
~3 30 90 70 50 (0.25, 0.412) 55 65 83 37 (0.41 7, 0.308) 
~4 15 105 102 18 (0.125, 0.15) 41 79 112 8 (0.342, 0.067) 
=5 6 114 117 3 (0.05, 0.025) 19 101 118 2 (0.158, 0.017) 
The observers' confidence decisions of 3, 4 and 5 were scored as positive responses and, 
1 and 2 were scored as negative responses and these data used to construct an ROe 
curve. Figure 5.1 shows that the detection performance of screeners was clearly better 
than chance whilst the ROe curve of the naNe observers was slightly lower than the 
chance ROe line. A large number of FN decisions of naive observers (as shown in table 
5.1) caused their sensitivity to be very poor so that the resultant ROe curve was below 
than the chance line. An analysis of independent-samples t-test showed the performance 
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of screeners was significantly better than the naIve observers, t = 3.77, df = 14, P < 0.01 . 
The overall sensitivity was 0.46 and 0.25, respectively, for screeners and naive people; 
and specificity was 0.69 and 0.58, respectively. The difference in sensitivity between the 
naIve observers and the screeners was significant, t = 2.91, df = 14, P < 0.05 whilst the 
difference in specificity between the two groups was not significant. This indicated that 
the screeners' detection ability was better than the naIve observers who, despite the 
practice trails, clearly had little idea about threat item appearances so that they scored 
most of the target-present images as normal images and missed the threats. 
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Figure 5.1 ROe curve for screeners and na'ive observers; FPF and TPF 
corresponding to five points of confidence ratings. 
To measure task performance, the mean reaction time for accurate target-present and 
target-absent decisions was calculated. This analysis showed that the screeners made 
deciSions much more quickly than the naIve observers, t = 2.48, df = 14, P < 0.05 for 
accurate target-present responses and , t = 3.91 , df = 14, P < 0.01 for accurate 
target-absent responses. Figure 5.2 shows that the naIve observers took longer than the 
screeners for all responses . 
63 
100% 
., 
E 80% 
'" c: 
0 60% 'iij 
'u 
., 
'C 40% 
~ 
0 
., 20% 
-
.. 
0: 
0% 
Chapter 5 
Hit Miss False alaffi1 Correct 
rejection 
Decision category 
o Nai\e obserwrs 
• Screeners 
Figure 5.2 Rate of decision time between na'lve observers and security screeners 
Visual Search 
Each threat item target area was defined as an area of interest (AOI) for understanding 
how observers detect or miss targets. Two variables, the 'time to first enter the AOI' and 
'dwell time on the AOI ' were used to analyse the sensitivity for detecting the threat item 
and object recognition . In agreement with the data for the decision times of screeners and 
na'iVe observers, table 5.2 shows that the time to first enter the AOI and the dwell time on 
the AOI of screeners was shorter than that for the na'iVe observers. Moreover, the 
difference between screeners and na'iVe observers for the dwell time on the AOI for a 
miss response and the time to first enter the AOI of an lED was significant, t = 3.87, df = 
14, P < 0.01 and t = 2.63, df = 14, P < 0.05, respectively. The hit rate on IEDs for 
screeners (31/72) was reliably better than na'ive observers (12/72) as shown by a 
Pearson Chi-Square analysis, X2 = 11 .97, df = 1, P = 0.001 . 
Table 5.2 Statistical variables on AOI of screeners and naive observers 
Statistical variables on AOI Screener Naive people 
Hit 1181 2342 
Miss 1337 2389 
Time to first enter AOI (m sec) Gun 2191 2936 
Knife 1619 4951 
lED 915 1817 
Hit 3395 4559 
Miss 1475 3664 
Dwell time on AOI (msec) Gun 1546 3473 
Knife 370 1009 
lED 3286 4980 
Gun 0.67 0.59 
Knife 0.33 0.17 
Hit rate lED 0.43 0.17 
Total 0.46 0.25 
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Figure 5.3 Fixation maps of two X-ray luggage images (shown in A, Band C, 0 
respectively) across the eight screeners (A, C) or the eight naive observers (B, D). 
The target was detected by six screeners (A), five naive observers (B), eight 
screeners (C) and one naive observer (D). 
Some targets were not fixated at all while they were still recognized correctly . Figure 5.3 
(A) is such an example. Observers did not fixate on the target gun. which was still 
recognized by six screeners. One possible reason for this is that the gaze time on the 
areas of targets is less than the minimum fixation duration . In such a short duration 
observers must process the visual information and make a correct decision. Another 
possible reason is the effectiveness of peripheral vision which therefore increases the 
chance of detecting targets. The hit rate for trials on which fixations fell on target areas 
following correct responses and the hit rate for trials on which no fixations fell on target 
areas following correct responses were calculated for analysing target recognition . This 
analysis found that the hit rate following fixations on targets of the screeners was reliably 
higher than that of the naIve observers. t = 3.05. df = 14. p < 0.01 ; while there was no 
difference in the hit rate without fixations on targets between screeners and na'lve 
observers, both of which were very low - 17.4% and 11 .8%. respectively . Once threat 
item targets were fixated , then the hit rate of screeners was much better than that of the 
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naive observers. Figure 5.3 (C) and (D) is an example which shows that screeners 
detected the target when they fixated on it while few naive observers detected it, although 
their dwell time on the target area was long. Also the fixation maps indicated that 
screeners only concentrated on several areas, whilst naive observers were inclined to 
pay attention all over the image. 
Where threat items were missed , then most of these were missed due to interpretation 
errors for both na"ive observers and screeners, the percentage of interpretation errors for 
the na"ive observers was higher than that of the screeners (see table 5.3). Although 
participants fixated on target areas for long durations and therefore must have processed 
the visual information at that point, they still missed them as shown in figure 5.3 (D) . 
Missed IEDs accounted for most of the interpretation errors whilst most of the knives 
were missed because of search errors which was one of the possible reasons that the 
dwell time on knives was the shortest compared with guns and IEDs. 
Table 5.3 Percentage of missed threat items for the three miss error types for naive 
observers and screeners 
Total Percentage of missed threat items in three miss error types (%) 
Participants number Search error Recognition error Interpretation error 
of miss Gun Knife lED Gun Knife lED Gun Knife lED 
NaIve 
observers 
Screeners 
91 
65 
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As expected, screeners detected and recognized threat items more quickly and 
accurately than did na"ive observers. The better detection ability of screeners was shown 
by a significantly higher sensitivity and a slightly lower false alarm rate than na"ive 
observers. The search time of screeners was short, not just for hits but also for correct 
rejection as well, which indicates that familiarity with the task and the general form of the 
stimuli may lead screeners to sample objects quickly and recognize them correctly, 
including normal items. The speed of target acquisition is developed by experience of 
both threat items and everyday objects. Also , the visual search of screeners was more 
effective with shorter fixation times on target areas than for the na"ive observers, 
especially for IEDs. It is impossible for observers to learn about lED appearances in 
everyday life and therefore screeners benefit from specific training and experience in 
recognising IEDs. However, the hit rate on IEDs of the screeners was not high in this 
study. Analysis of the reasons for errors showed that most of the IEDs were missed due 
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to interpretation errors - where participants fixated on the target areas for a long time but 
they still missed them. This indicated that the forms of IEDs are not easy to recognise and 
they are very changeable so that it is necessary for screeners constantly to update their 
knowledge of the appearance of such threat items. 
Search errors were the main type of miss error for knives in this study. One possible 
reason is that these targets are relatively small within a cluttered luggage background. 
The colour of X-ray luggage images helps screeners recognize objects made of metal , 
e.g inorganic materials are marked by blue. If knives are made with any low-density 
material such as wood, glass or epoxy fibre, then it is possible to easily overlook them -
regular and appropriate training might be a solution for this problem. 
It was interesting that participants detected some targets even when they did not fixate on 
them . Although the hit rate following no fixation on a target was very low for naiVe 
observers and screeners, this implicated the effectiveness of peripheral vision within 
visual search. Search and decision-making, a consecutive process, were separated into 
three stages in the interpretation of the results of this study: search - decision confidence 
rating - and indicating a potential threat location. Therefore, it was possible that 
participants continued processing uncertain and suspected visual information which was 
obtained via peripheral vision during the previous visual fixation when they rated decision 
confidence and indicated the locations of potential threats. 
The advantages shown here of the screeners then are their better detection ability and 
their search skills, which is the result of training and experience. The question can then 
be asked what would happen if naive observers were first shown some images of threat 
items which were similar to the threat items of a subsequent test - would their 
performance be improved and would this be as good as the performance of screeners? 
The benefit of such stimulus-specific experience was explored for the design of training 
methods and materials in the next experiment. 
5.2 Experiment 3 
5.2.1 Method 
Participants 
Ten naIve observers and eight airport security screeners took part in this study. 
Stimuli and apparatus 
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The stimulus images were composed of twenty five target-absent images and twenty 
single target-present images which were same as the stimuli of Chapter 4. Eye 
movements were recorded by using a Tobii x50. 
Procedure 
Participants completed the search task in unlimited time. Before being tested forty-five 
luggage images, the naive observers viewed twenty images of threat items which were 
similar to the threat items used in the test. Screeners did not view any images of threat 
items before being tested. Observers had to make a rating decision of their confidence 
that each image contained a threat and also indicate the location of potential threat items 
if their rating decision was 3, 4 or 5. NaNe observers and half of the screeners viewed the 
images in a static condition (i.e. the images were stationary) whilst the rest of the 
screeners viewed them in a moving condition (which simulated the luggage item moving 
across the display as would happen in real life) in which the image viewing functions of 
enlargement and reduction were available. Additionally, images were allowed to be 
stopped and viewed if required . NaiVe observers viewed images in a quiet and dark room 
while screeners viewed images at a free conveyor lane of security screening at airport 
where the environment was noisy and light. 
5.2.2 Results 
Performance 
The responses of the naiVe observers and screeners are listed in Table 5.4. The 
sensitivity of naiVe observers and screeners was similar (0.70 and 0.72), and the 
specificity of both groups was same (0.75). This indicated that in this experiment naiVe 
observers could detect threat items and recognize normal images just as good as airport 
screeners did after they viewed some similar images of subsequently presented threat 
items. 
Figure 5.4 shows the mean overall performance of naive observers and screeners using 
pooled ROC curves with an accuracy measure (Az) value of 0.75 for naiVe observers for 
a static display; 0.74 for screeners on a static display and 0.78 for screeners in a moving 
display. A t-test analysis was applied to the Az values of each participant which showed 
that there was no overall performance difference between naive observers and the 
screeners. Although the area under the ROC curve for the moving display is larger than 
that of the static display for the screeners, this difference is not Significant. 
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Figure 5.4 Mean overall performance of na'ive observers and screeners on pooled 
ROe curves 
Decision time 
Figure 5.5 shows that the decision time of naIve observers was longer than that of the 
screeners on all decision responses of TP, FN, TN, and FP. The decision time of TP 
responses was the shortest for all participants. A t-test analysis showed that the decision 
time of screeners was significantly shorter than naIve observers, t = 11 .57, df = 16, P < 
0.001 ; the mean difference was 7.21 seconds. Since screeners operated the functions of 
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enlargement and reduction , their decision time with the moving display was longer than 
when using the static display, t = 4.10, df = 6, P < 0.001 . 
u 20 ~-----------=:J~~~~~~~~~~~--~ 
; 15 t-------------
.. 
E 
i= 10 
c 
o 
·iii 
·0 5 
~ 
o 
TP FN TN FP 
Decision Category 
Figure 5.5 Decision time on the four decision categories of na"ive observers and 
screeners 
Eye movements 
Eye movement data for the moving display condition was excluded from comparison with 
the other two conditions since subjects had to stop or enlarge the images by clicking a 
button at the bottom of screen (see Table 5.5) , so that their eye movement data did not 
accurately reflect the process of search and detection. 
For TP responses, screeners (on the static display) were significantly faster to visually 
attend to the threat items than the nafve observers, t = 1.96, df = 16, P < 0.05. Also 
screeners spent less time in processing threat items than na"ive observers, t = 5.25, df = 
16, p < 0.001 for TP responses and t = 3.15, df = 16, P = 0.002 for FN responses. Nafve 
observers fixated on IEDs more quickly than on guns and knives while their processing 
time on IEDs was the longest. A t-test analysis found that the difference between guns 
and IEDs was Significant, t = 3.87, df = 18, P = 0.001 for the time to first enter the AOI and 
t = -4.03, df = 18, p = 0.001 for dwell time on the AOI. Also, the screeners' dwell time on 
IEDs was longer than on guns and knives, p < 0.01 . IEDs therefore are the most difficult 
item for recognition for both naiVe observers and screeners. The larger area (and 
therefore visual angle subtended by) of the IEDs in the images (and consequently a 
larger AOI as compared to gun or knife images) could be a possible reason that IEDs 
were faster to be fixated than were guns and knives. 
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Table 5.5 Hit rate, mean time to first enter AOI and dwell time on AOI of naIve 
observers and screeners according to responses or threat item categories. 
Sensitivity on AOI Na'lve Screeners 
and Hit rate observers Static display Moving display 
Time to first TP 1053 690 5212 
enter AOI FN 1376 1197 3207 
(m sec) 
Dwell time on 
AOI (msec) 
Hit rate 
Gun 
Knife 
lED 
TP 
FN 
Gun 
Knife 
lED 
Gun 
Knife 
lED 
Total 
2431 
1099 
794 
5621 
6692 
2662 
5129 
7140 
0.68 
0.80 
0.62 
0.70 
787 5519 
991 6126 
805 4354 
2288 2049 
1827 2957 
860 938 
1338 1292 
2841 2955 
0.69 0.88 
0.81 0.75 
0.60 0.81 
0.70 0.80 
Table 5.6 shows that interpretation errors were the main error reason for both na'lve 
observers and screeners. Although they fixated on ta rgets for a long time, they still could 
not recognize them. The screener's experience did not improve their performance in this 
experiment. 
Table 5.6 Mean gaze duration and percentage of miss errors of naive observers and 
screeners 
Error Tyees 
Search Errors Recogn ition Errors Intereretation Errors 
Image Number Gaze Missed Gaze Missed Gaze Missed 
Category of Missed Duration Responses Duration Responses Duration Responses 
Threat (m sec) (%) (msec) (%) (msec) (%) 
Items 
Naive 
observers 63 0 10.5 655 13.4 7659 76.1 
Screeners 40 0 17.5 612 17.5 3298 65 
5.2.3 Discussion 
In this study there was no difference on performance for the screeners between the 
moving condition and the static display. The Smal l number of participants used here 
could be one reason for this. Based on feedback from the screeners after the experiment, 
three screeners thought that the en larged baggage image (when they had zoomed into it) 
was not useful if this function was not used with other enhanced screening features (such 
as image enhancement) because zooming alone did not make dense or dark areas in the 
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image any clearer so that it was not helpful to recognize items in the bag. Screeners were 
used to employing a range of enhancement functions and they reported that they did not 
adapt easily to searching with or without a single enhanced feature (zoom). 
This experiment showed that naIve observers' performance is as good as experienced 
screeners' performance after they had first viewed some threat items which were similar 
to threats subsequently used in the test. This indicated that such stimulus-specific 
experience could transfer to familiar targets although they spent much longer time in 
doing it. Screeners' search was faster and more efficient than that of naive observers, 
which is consistent with results from the radiology domain (e.g. Nodine et ai , 1996; 
Krupinski , 1996). Eye movements depend on both the cognitive schema and the image 
visual input. It was presumed that experienced observers already knew the 
representation of targets so that they could quickly localize "where" to search and also 
would take less time to examine possible candidate targets in the image. Naive observers 
needed a longer dwell time to recognize targets if they fixated on them. One of the 
possible reasons for this could be that naive observers were inexperienced with the 
search task and the relevant features of X-ray luggage images. However, once they did 
know "what" to search for they were able perceptually to organize and detect targets 
although this process costs time. 
5.3 General discussion 
In this study, the difference between naIve observers and screeners on performance, 
visual scanning and recognition skills was explored when they completed a simulated 
airport security examination task. The performance of naIve observers in experiment 2 
was worse than chance level when they were completely without experience of threats. 
The hit rate of naive observers was significantly lower than that of screeners. This 
suggests that knowledge of threat items plays an important role in this search task. 
Otherwise, even if targets were fixated on, they were still missed. Screeners also had the 
same problem - most of the threats were missed due to an interpretation error, which 
indicated that screeners should regularly update their knowledge of threat item 
appearances. NaIve observers achieved comparative performance to that of the 
screeners but they spent much longer time doing so in experiment 3. This indicated that 
stimuli-specific experience could partly transfer to familiar target objects - i.e. 
performance is enhanced but search is not efficient. NaIve observers only viewed some 
X-ray images of threats which were similar to threats used for the test so that they had to 
adopt a redundant scanning strategy and sample each image with a large number of 
fixations. The search time of hits was found to be shorter than other responses, which 
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suggests that once a target was found then search was terminated (c.f. satisfaction of 
search effect). 
Fixations of naive observers and screeners covered almost all of the images. The reason 
for this might be the size of images used in this study, their mass and density (although 
these were genuine luggage item images), so that observers had to scrutinize the whole 
image to identify objects in these X-ray images. Eye movement analysis showed that 
screeners were faster to fixate on targets and recognize them than the naIve observers. 
The two-stage detection model indicates that the detection process in a complex task 
includes at least two logically sequential stages. The pre-attentive stage would select a 
subset of features in a particular pattern for observers' subsequent attention for a specific 
purpose. Then every selected feature would be scrutinized and interpreted by the 
cognitive system to decide whether it was a normal or abnormal object during the focal 
attention stage. Familiarity with X-ray luggage images may have several effects on visual 
search . One effect could be an ability of eliminating confusion and strange feelings to the 
images. Applying such a model then here the screeners therefore scanned images very 
quickly and obtained useful features to scrutinize in the second stage. Another 
advantage might be an ability of ignoring some irrelevant content in the images so that 
search was accelerated. Familiarity with such images and the task led screeners to adopt 
a relatively simple search strategy which followed their experience and confidence 
resulting in a less number of fixations . These results imply that knowledge of images and 
threat items are very important in the design of training and that these should be updated 
regularly in the forthcoming training . Also familiarity of both the task and of the images 
might influence search behaviour in which simple and effective scanning pattern is 
adopted. 
The screeners' advantages - speed and accuracy - were reflected in the experiments in 
this chapter. What happens when naIve people are trained to screen er? How is such 
expertise developed? The next chapter will explore the development of visual search 
skills and detection ability with practice. 
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Training and transfer 
Chapter 6 Training and transfer 
In the last chapter naive observers were able to detect familiar target objects in X-ray 
luggage images which indicated that stimulus-specific training partly transfers to familiar 
targets. What is learned from practice and under what conditions does transfer happen? 
This chapter investigates the development of visual skills and the recognition ability of 
naIve observers with practice, and assesses the degree of transfer after specific targets 
are employed during training. 
Knives, guns and improvised explosive devices (lED) served as target objects to 
counteract stimulus-invariant benefits. The experiment was composed of both practice 
and transfer parts. In both phases, participants were required to search for threat items in 
X-ray luggage images. In the test phase, each participant was more familiar with half of 
the test threat items than the other half. The effect of practice on specific objects and the 
degree of transfer were explored through practice and test sessions. The evolution of 
visual search with the course of practice and test was analysed to determine how 
perceptual expertise in inspecting security X-ray luggage images was developed. The 
results would contribute to approaches of training screeners to attain such expertise. 
6.1 Experiment 4 
6.1.1 Method 
Participants 
Twelve people (6 males, 6 females) took part in this study. All had normal or 
corrected-to-normal vision . None of the participants had any experience of searching for 
threat items in X-ray luggage images. 
Stimuli 
X-ray images of eight guns from two viewpoints, eight knives and eight improvised 
explosive devices (IEDs) were selected from a large set of threat items as target objects. 
Guns, knives and IEDs were evaluated and classified into several categories on the basis 
of visual similarity which was explained to participants as the meaning of 'similar objects 
share visual characteristics such as colour, texture, size, orientation and shape' in a pilot 
study. Visual similarity was compared between objects of the same type (e.g. a knife was 
only compared with a knife, not with a gun or an lED). 
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These target objects were finally classified into four sets of four guns (two viewpoints) , 
two knives and two IEDs each (see Table 6.1). The same kind of objects in each set had 
a high visual similarity with each other. For the same kind of objects, high visual similarity 
was scored between Set 1 and Set 3, and between Set 2 and Set 4. Whilst low similarity 
was scored between Set 1 and Set 2, and between Set 3 and Set 4 respectively. Set 1 
and Set 2 were then inserted into 60 normal bags for training purposes. Set 3 and Set 4 
were inserted into 16 normal bags for test purposes. There was only one threat item in 
each luggage image. Other than one knife which served both as a training and a test 
target, all the threat targets for training were different from the target objects used in the 
test phase. 
Table 6.1Target objects. (*) indicates the knife which served both as a training and 
a test target. 
Target objects for training 
Set 1 Set 2 
.... (*) 
Design and procedure 
I! I" 
~ 
-
Target Objects for testing 
Set 3 Set4 
--(*) 
Participants took part in experimental sessions to search for threat items (gun, knife and 
lED) in X-ray luggage images on two consecutive days. On Day 1, participants completed 
three practice sessions (session 1, 2 and 3) and one test session (session 4). On Day 2, 
the test session (session 5) was repeated again. There was a three minutes break 
between the training sessions and a ten minutes break before the test session on Day 1. 
The experimental procedure was shown in figure 6.1. 
During the practice sessions, half of the participants were assigned to the group that 
searched for targets from Set 1, and half were assigned to the group that searched for 
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targets from Set 2. The order of the practice sessions was counterbalanced and each 
session appeared equally in every position of all orders and, before and after every other 
session. All of the participants were tested in the same session in which half of the targets 
were from Set 3 and the other half of the targets were from Set 4. Therefore, participants 
should have been more familiar with half of the test targets than the other half - although 
all test targets were novel to the participants. The transfer effects for familiar and 
unfamiliar targets were examined in the test session. 
Group I: 6 participanls 
They completed 3 practice sessions: 
(I) Targels were from sel I; (2) Every 
target in each session was presented for 
two times in different image background. 
l 
12 Parlicipanls 
1 
1 
Group 2: 6 participants 
I 
They completed 3 practice sessions: 
(I) Targels were from sel2; (2) Every 
target in each session was presented for 
two times in different image background. 
1 12 Participanls I 
~ 
They all completed 2 test sessions: ( I) Targets were from set 3 and set 4; (2) 
Participants in group I were familiar with the targets of set 3 and they were 
unfanliliar with the targels of set 4; (3) Participanls in group 2 were familiar 
with the t.::'lrgets of set 4 and they were unfamiliar with the targets of set 3. 
Figure 6.1 Experimental procedure. 
X-ray luggage images were displayed on a 21-inch monitor and viewed from 70 cm 
distance. Eye position was calibrated before each session and eye movements were 
recorded by a Tobii X50 eye tracker. A simple definition about an lED was provided in the 
instructions at the beginning of the experiment. Participants were asked to examine each 
image thoroughly and quickly. In each session, there were 40 X-ray luggage images of 16 
target-present images and 24 target-absent images. Participants searched for threat 
items with an unlimited search time. They were instructed to press the space bar when 
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they had finished searching , They then rated their decision confidence with a five-point 
rating scale about whether the image contained a target. Other than decisions of 1 or 2, 
the participants were additionally asked to indicate the location of the potential threat item, 
Feedback images were immediately provided and targets were indicated clearly in the 
practice sessions, Before the test session, participants were told that the shapes of the 
targets in this session were different from the targets in the practice sessions and that 
feedback was not available, 
6.1.2 Results 
The dependent variables were analysed by a two-way mixed analyses of variance 
(ANOVA) with sessions (1 , 2 and 3) as the within-subject factor and sets (1 vs , 2) as the 
between-subject factor. All participants' data were pooled together since the difference 
between target Set 1 and Set 2 was not investigated in this study, Hit rates, false alarm 
rates , area under RaC curve (A,) and the decision time of correct responses were 
calculated to measure performance, The area of interest (AOI) was defined as in Chapter 
4 to analyse the development of visual search factors , 
Training 
The detection performance was expressed as an Az value, the area under the RaC curve, 
Figure 6,2 shows the mean overall performance in pooled RaC curves with an accuracy 
measure (Az) of 0,80 from session 1 to 0,96 of session 3 which intuitively shows that the 
performance increased with practice. The ANOVA revealed that the improvement was 
significant, F (2, 20) = 23,83, p < 0,001 , refiected by an increase in the overall TP rate 
from 0,71 of session 1 to 0,89 of session 3 and a decrease in the FP rate from 0,33 of 
session 1 to 0,08 of session 3, as shown in table 6,2, 
Decision time decreased reliably over the course of training (as shown in Figure 6.3) , F (2, 
20) = 35,74, p < 0,001 of the target-absent images and F (2, 20) = 19,93, p < 0,001 of the 
target-present images, The decision time for the target-absent images was always longer 
than that of the target-present images during session 1 to session 3, F (1, 10) = 6,85, p < 
0,05 for session 1, F (1, 10) = 7,32, P < 0,05 for session 2, and F (1 , 10) =5,39, p < 0,05 
for session 3, The decision time based on the decision category is listed in Table 6,3, 
Analysis showed that the decision time for the falSe-negative (FN), true-positive (TP) and 
true-negative (TN) decisions decreased with practice, F (2, 14) =7,10, p < 0,01 , F (2, 20) 
= 6,85, P < 0,01 and F (2, 20) = 5,53, P < 0 ,05, respectively , However, the decision time of 
the FP decisions increased with practice sessions, but not significantly (F < 1) , For the 
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target-absent images and ta rget-present images, the decision time of the fa lse decisions 
was longer than that of the true decisions in all practice sessions (see Table 6.3) and the 
difference for each session was significant, p < 0.05. 
Table 6.2 Summary of responses on various thres holds and corresponding FPF 
and TPF 
Responses and (FPF, TPF) 
Thresholds TP FN TN FP (FPF, TPF) 
~1 192 0 0 288 (1 , 1) 
~2 174 18 124 164 (0.569, 0.906) 
Session 1 ~3 134 58 192 96 (0.333, 0698) 
~4 111 81 250 38 (0.132,0.578) 
=5 83 109 278 10 (0035, 0.432) 
;,1 192 0 0 288 (1 , 1) 
;,2 182 10 165 123 (0.427, 0.950) 
Session 2 ~3 168 24 242 46 (0.160, 0.875) 
;,4 152 40 275 13 (0 .045, 0.792) 
=5 131 61 286 2 (0 .007, 0.682) 
;,1 192 0 0 288 (1 , 1) 
;,2 184 8 184 104 (0.361 , 0.958) 
Session 3 ;,3 172 20 266 22 (0 .076, 0.896) 
;'4 163 29 283 5 (0.017, 0.849) 
=5 151 41 285 3 (0 .010, 0.786) 
;,1 192 0 0 288 (1 , 1) 
;,2 149 43 168 120 (0.417, 0.776) 
Session 4 ;,3 88 104 252 36 (0.125, 0.458) 
(test 1) ;,4 74 118 279 9 (0031, 0.385) 
=5 54 138 287 1 (0.003, 0.281) 
,,1 192 0 0 288 (1 , 1) 
;,2 155 37 171 117 (0.406, 0.807) 
Session 5 ;'3 103 89 252 36 (0.125, 0.536) 
(test 2) ,,4 86 106 273 15 (0.052, 0.448) 
=5 67 125 286 2 (0.007, 0.349) 
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Figure 6.2 Pooled ROe curve of all sessions; TPF and FPF corresponding to five 
point confidence ratings. 
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Figure 6.3 Mean decision time of each session. 
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Table 6.3 Decision time and eye movement data according to decision responses 
during the training and test !transferl sessions !millisecondsl 
Decision time and eye Training and test (transfer) sessions 
movement data according Session Session Session Session Session 
to decision response 1 2 3 4 5 
Decision time 
False-negative (FN) 18914 8155 7847 14553 17352 
True-positive (TP) 10945 6646 5323 12565 11427 
False-positive (FP) 18459 16286 12495 16468 22<136 
True-negative (TN) 13491 8924 7356 9361 9436 
Time to first enter AOI 
False-negative (FN) 2252 1322 1700 1112 1248 
True-positive (TP) 1131 894 670 1011 854 
Dwell time on AOI 
False-negative (FN) 2761 1848 1191 4657 3967 
True-positive (TP) 3481 2779 2254 4894 4517 
Fixation numbers on AOI 
False-negative (FN) 8 5 3 11 11 
True-[~ositive (TPI 10 8 7 13 12 
Eye movement analysis further explained the performance improvement. Together with 
the tendency of reaction time decreasing with practice, the number of fi xations on images 
decreased reliably from session 1 to session 3 (see Table 6 .3) , F (2, 20) = 14.78, P < 
0.001 for target-present images and F (2,20) = 8.17, P < 0.01 for target-absent images. 
Moreover, the number of fi xations on target-absent images was significantly higher than 
that on target-present images, F (1 , 10) = 8.63, p < 0.05 of session 1, F (1 , 10) =11.58, P 
< 0.01 of session 2, F (1 , 10) = 8.76, P < 0.05 of session 3. Therefore, participants took 
more time and fixated on more places on the target-absent images than on the 
target-present images. 
With practice, participants were inclined to concentrate on the threat item area (AOI) 
quickly, F (2 , 20) = 4.43, p < 0.05; spent less time in the Aal, F (2, 20) = 4.05, P < 0.05; 
and the number of fixations in the Aal also decreased, F (2, 20) = 3.30, P = 0.058. The 
data in table 6.3 show that participants could fixate on targets and recognize them quickly 
after practice. In all of the practice sessions, the number of fixations in the AOI for the FN 
responses was less than that for the TP responses, p < 0.05; the dwell duration in the AOI 
of the FN responses was shorter than that for the TP responses, p < 0.05; the time to first 
enter the AOI for the FN responses was longer than that of the TP responses, but this 
was not significant. Although participants needed more time when they made a FN 
decision than for a TP decision, the number of fixations and the dwell duration in the Aal 
of the FN decisions were less or shorter than those in the AOI for a TP decision. 
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After practice, the FN error rates for IEDs decreased from 39% (21/54) to 32% (7122) but 
this was still the main error for the three kinds of threats. The FN error rates of the guns 
with easy viewpoint were the least error type in these three kinds of threat items - from the 
beginning of practice, 7% (4/54), to the end , 4% (1/22) . In session 3, there was only one 
search error where a knife was missed. The missed knife was very slim, small and was in 
the corner of the bag. Observers did not fixate on it at all. 
Transfer 
In the test session, the shapes of half of the targets (familiar targets) were similar to the 
practice targets, and the other half of the targets (unfamiliar targets) were different from 
the targets used in practice. The purpose of this was to explore the degree of transfer 
after the stimulus-specific target training . Participants were tested in sessions 4 and 5 on 
two consecutive days to examine the degree of skills retention. The dependent variables 
were again analysed using a two-way mixed ANOVA with session as a within-subject 
factor and stimulus set as a between-subject factor. Figure 6.1 shows that the ROC 
curves of sessions 1, 4 and 5 (the two test sessions) were very close and the difference 
between them was not significant. This indicates that the performance on the test 
sessions was similar to the first practice session and significantly worse than the final 
practice session. 
In the practice sessions, immediate feedback was provided and each threat item was 
displayed twice in a different viewpoint and within a different background so that the 
detection performance would be enhanced after the first presentation of targets. If only 
the threat items which were the first shown items in each practice session were involved 
in calculating the overall detection performance (figure 6.4) then performance in session 
1 was worse than that of session 4 and 5. In order to derive the detection baseline of 
participants and the degree of transfer, the hit rate for threat items in the first presentation 
(Hfi",) in session 1, familiar targets (H'.mi"") and unfamiliar targets (H,,'.m;n,,) in the test 
sessions were calculated separately (see Table 6.3). The H'.miti" of session 4 and 5 were 
both higher than Hfi" , but not significant. Hit rates decreased significantly as novel targets 
were introduced, H,,'.miti" of session 4 and 5 were worse than Hfi" " F (1 , 10) =68.82, P < 
0.001 , and F (1 , 10) =30.18, p < 0.001 respectively. However, the false alarm rates 
significantly decreased from 0.33 of session 1 to 0.13 of session 4, F (1 , 10) =19.93, P = 
0.001 ; and 0.14 of session 5, F (1,10) =20.18, P = 0.001, as shown in table 6.2. 
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Figure 6.4 ROe curves of session 1 (only threat items of the first presentation were 
used to calculate Az value), session 4 and session 5. 
For the transfer sessions, figure 6.3 shows that the decision time for target-absent images 
was shorter than for session 1 and longer than session 3. Furthermore, analysis shows 
that they were significantly shorter than session 1, F (1, 10) =36.586, p < 0.001 for 
session 4 and F (1 , 10) =29.813, p < 0.001 for session 5, respectively. For target-present 
images, the decision time of the transfer sessions was longer than all of the practice 
sessions, and an ANOVA showed that they were reliably longer than session 3, F (1 , 10) 
=26.026, p < 0.001 for session 4 and F (1 , 10) =13.432, p = 0.004 for session 5. In the 
transfer sessions, the decision time for the target-present images was longer than that of 
the target-absent images, F (1 , 10) = 15.991 , P < 0.01 for session 4 and F (1 , 10) = 5.905, 
p < 0.05 for session 5, which was different from practice sessions. As shown in Table 6.3, 
in the transfer sessions the decision time for the false decisions was longer than for the 
true decisions for the target-present images and target-absent images, p < 0.05. 
Table 6.4 shows the decision time of the first presentation targets in session 1 was longer 
than that of familiar targets in session 4, F (1, 10) =11 .06, p = 0.001 ; and session 5, F (1 , 
10) =4.40, p < 0.05. There was no difference between the decision time for the first 
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presentation target in session 1 and the decision time of unfamiliar targets in session 4 or 
5. Participants took more time to make decisions on unfamiliar targets than they did for 
the familiar targets, F (1, 10) =18.11 , p < 0.001 for session 4, and F (1, 10) =9.72, P = 
0.002 for session 5. 
Table 6.4 Mean performance and eye movement data for targets in session 1, 4 and 
5 
AOI 
Hit Decision Time to first enter Dwell time on 
Target categor}' rate time (msec) AOI (m sec) AOI (msec) 
Session 1 
First presentation targets 0.65 14410 2307 3343 
Session 4 
Familiar targets 0.68 10843 1183 3874 
Unfamiliar targets 0.28 16326 1033 4806 
Session 5 
Familiar targets 0.70 11149 1127 3577 
Unfamiliar targets 0.38 16494 943 4601 
In the transfer sessions, the number of fixations on the target-present images was more 
than that on the target-absent images, F (1 , 10) = 17.36, P = 0.002 for session 4 and F (1 , 
10) = 4.69, p < 0.05 for session 5, which were opposite to the practice sessions. Table 6.3 
lists the number of fixations in the AOI, the time to first enter the AOI and the dwell time in 
the AOI for the transfer sessions which had the same tendency with practice sessions 
between FN decisions and TP decisions. 
The dwell times in the AOI of familiar targets and unfamiliar targets in session 4 and 5 
were all longer than that of the first presentation targets in session 1 (see Table 6.4) , but 
not significantly so. The time to first enter the AOI in session 4 was shorter than that of the 
first presentation targets in session 1, F (1 , 10) =5.02, P < 0.05 for familiar targets and F 
(1, 10) =5.68, P < 0.05 for unfamiliar targets. Also the time to first enter the AOI in 
session 5 was shorter than that of the first presentation targets in session 1, F (1, 10) 
=5.31, p < 0.05 for familiar targets and F (1, 10) =5.58, p < 0.05 for unfamiliar targets . 
This indicates that the sensitivity for the threat item was improved after training no matter 
whether the decisions were correct or not. 
Error reasons and skills retention 
False negative decisions were divided into search, recognition and interpretation errors 
based on whether fi xation points were in the threat item area and on the value of the 
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cumulative dwell duration of these fixations . Table 6.5 shows that, other than session 3, 
the threat items were missed mainly due to interpretation errors. 
Table 6.5 Missed errors in training and transfer sessions 
Experiment Total number of Percentage of three types of missed errors (%) 
sessions missed error Search Recognition Interpretation 
error error error 
Session 1 54 15 11 74 
Session 2 24 8 21 71 
Session 3 22 9 50 41 
Session 4 96 7 13 80 
Session 5 88 8 11 81 
The performance on session 5 was reliably better than that of session 4, F (1 , 10) =9.18, 
P < 0.05, reflecting an increase in overall hit rate from 0.48 to 0.54. There were ~o 
differences in false alarm rates and decision times between session 4 and session 5. 
Fatigue effects should be considered in session 4 which was performed after three 
practice sessions. However, it stil l showed that participants retained knowledge and skills 
very well - even better after one day. 
6.1.3 Discussion 
The main aim of this chapter was to investigate how knowledge and visual skills are 
developed with practice by exploring the effect of stimulus-specific training and the 
degree of transfer when novel (familiar or unfamiliar) targets were introduced . The results 
showed that performance increased significantly with practice and that participants were 
inclined to fixate on the target AOI more quickly and were more likely to recognize targets. 
Moreover, the results indicated that learning transfers more to relatively familiar objects 
than to unfamiliar objects with novel shapes. This is consistent with other studies (e.g. 
Tarr and Gauthier, 1998; Furmanski and Engel, 2000). Eye movement data revealed 
more detai l about the stimulus-specific practice benefits. In comparison with session 1, 
participants not only made decisions on familiar targets more quickly in the test sessions, 
but also their sensitivity to potential threat items was improved such that participants were 
faster to fixate on both familiar and unfamiliar ta rgets. 
Observers gained some perceptual experience with the appearance of targets from the 
immediate object feedback so that they accelerated the detection and recognition of 
targets in the following training sessions. In the practice sessions participants took a 
longer time and fixated more points on the target-absent images than on the 
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target-present images. A serial search model could be used to interpret the results which 
have appeared in a previous study (Wolfe et aI. , 1989). When participants are performing 
the visual search task, they are searching at a certain rate until the target is found so that 
search might be terminated in the middle of inspection. Otherwise, they would continue 
searching until every object in the image is scrutinized. The longer decision time for the 
target-present images in the test sessions demonstrates that stimulus-specific (with 
object feedback) training helped observers develop their perceptual sensitivity to threat 
objects but that the decision time is affected by unfamiliar targets. Moreover, general 
knowledge about the features of X-ray images obtained from practice is very helpful to 
reject distractors so that target-absent images are examined quickly. 
From session 1 to session 5, the decision time for the false decisions was longer than that 
of the true decisions, which indicated that some areas on these images activated the 
threshold of positive decisions but that they were not sure with their decisions so that they 
fixated on them for a longer time and compared more places in the images. Participants 
gained some experience about the appearance of threat items and the features of X-ray 
images from perceptual learning from the preceding sessions which would influence the 
search of the subsequent sessions. However, that was not enough to make a correct 
decision due to lack of knowledge or expertise on this task. Eye movement data revealed 
this trouble in searching and decision making for the FN responses by a longer time to 
first enter the AOI , a shorter dwell time and less fixation points on targets of FN decisions 
than on targets of TP decisions. 
Search errors and interpretation errors were decreased with practice which shows that 
performance improvement was the result of gaining search skills and object knowledge. 
When new stimuli were introduced in the test sessions, the number of search errors on 
the test sessions was less than found in session 1 even when the number of FN errors in 
the test sessions was more than in session 1. Moreover, the time to first enter the AOI of 
the test sessions was significantly shorter than that of session 1. The effectiveness of 
search was improved with practice and partly transferred to new stimuli. Most of the 
targets were missed due to interpretation errors which indicates that the little object 
knowledge of this domain led the naIve participants to exhibit poor performance. Missed 
IEDs contributed the main proportion of interpretation errors from session 1 to session 5. 
IEDs are rare in common life and their shape is changeable so that it is difficult to detect 
or recognize even when fixated (a 100% fixation rate was found in session 3). 
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The hit rate declined severely following the introduction of unfamiliar targets and was 
even lower than the first presentation targets in session 1. One possible reason was that 
the preceding feedback was helpful for the next judgement in session 1. In other words, 
participants acquired some knowledge from the perceptual exposure to the previous 
image and then applied it to the next one. For example, the object feedback of a gun 
would give participants some ideas of how to search for and recognize the next gun. The 
preceding image did not give any information of how to recognize the next image in the 
test sessions since no feedback was available. False alarm rates for the two test sessions 
were both low, which indicated that learning the appearance of normal X-ray luggage 
images transferred to new normal images. If perceptual expertise was accumulated with 
repeated exposure of targets, then generic knowledge about luggage X-ray features 
obtained from practice was used to reject non-target items so that false alarm rates were 
decreased from session 1 to session 4 and 5. 
In summary, frequent exposure of stimuli coupled with immediate feedback in a real 
visual search task is an effective training method to integrate general knowledge of X-ray 
luggage images and recognition ability into perceptual experience. Learning how visually 
to search for threat items is stimulus specific such that familiarity with stimuli (task, 
features of X-ray images and target objects) is the source of performance improvement. 
Therefore, massive amounts of X-ray threat objects should be employed for airport 
security screen er training so as to enlarge object knowledge and enhance recognition 
ability as much as possible. Search error rates are decreased with practice which 
improves the effectiveness of search. Simple and efficient scanning is adopted by using 
fewer fixations and shorter duration of fixations. Nodine and Kundel (1987) modelled 
visual scanning patterns in radiology which is composed of a rapid global scanning 
process and a systematic focal recognition process. And there are differences in the 
visual scanning patterns in searching mammograms between experienced and 
inexperienced readers (Krupinski , 1996). These results indicate that visual scanning 
patterns would be changed with training. 
This chapter demonstrates that detection performance and search skills are improved by 
the practice of frequency exposure and that such ability partly transfers to novel targets. 
Apart from the visual search skills and detection ability being obtained by frequent 
exposure of stimuli day by day, a method of perceptual feedback will be examined for 
assisting in target detection when observers are searching X-ray luggage images in the 
next chapter. 
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The effect of perceptual feedback on airport 
security inspection 
Chapter 7 The effect of perceptual feedback 
on airport security inspection 
Currently examining a large number of stimuli images both in training and during 
everyday work is the main means of developing appropriate search skills and in 
improving detection abilities. Detection performance was shown to be enhanced by the 
practice of frequent exposure to stimuli in the last chapter. This chapter examines 
whether screeners' performance is improved by perceptual feedback which has been 
shown to be a useful method of enhancing observers' detection performance in the 
radiology domain (Kundel and Nodine, 1990; Krupinski et ai , 1993, 1998). According to 
this method, 1) the observer searches an image, 2) a dwell-threshold algorithm (>1000ms) 
is then used to analyse individual eye-fixation cluster durations, 3) image locations with a 
fixation duration of more than 1000ms are highlighted with an overlaid 5 degree circle 
(representing the visual field of view) which is then presented again to the participant for a 
second look, 4) the observer is given the opportunity to change their original decision. 
The hypothesis of this method is that an eye pOSition associated with a long dwell 
duration provides information about the location and presence of suspicious features 
(some of which the observer will be consciously aware of and some of which the observer 
may not consciously be aware of) to observers so that they may change their initial covert 
negative decisions to overt positive decisions (Krupinski et ai , 1998). Based on the 
method of Kundel and Nodine a technique of feeding back observers' eye gaze data was 
developed and experiment was performed to test this out for the airport security 
screening task. 
In this chapter two experiments are reported. Software was developed to show images, 
record eye position and then re-present the images with overlaid eye gaze data and so 
provide feedback to the observer. The first used airport screeners and examined key 
aspects of the perceptual feedback technology. After observers examined an image and 
made a decision, they were given a second look at the image with circles outlining the 
specific areas with long dwell duration of more than 1 OOOms. They were allowed to revise 
the decisions made in the first look. The results were compared to a control condition of 
just giving a second look without feedback information. The threshold of feedback 
algorithm was explored in order to obtain a larger proportion of FN decisions than TN 
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decisions with a proper threshold. However, the results showed that perceptual feedback 
did not improve recognition of threat items in X-ray luggage images. The second 
experiment then was designed for improving the perceptual feedback technology for 
airport X-ray baggage images inspection with regard to the analysis of the last 
experiment. 
7.1 Experiment 5 - Airport experiment 
In this study the observers are given a chance for a second look at the images, therefore 
a 'no feedback' group is introduced as a control condition to enable a performance 
comparison between a 'second look at the image without any prompt of eye positions' 
and a 'second look with perceptual feedback'. If the performance of the 'perceptual 
feedback' group is better than the 'no feedback' group, then this means that the feedback 
of those eye positions with a long gaze duration does improve screeners' detection 
performance. In addition the condition of a moving image is introduced to simulate the 
real airport scenario where the bag images are typically viewed as moving images 
(representing the movement of the bags themselves through the X-ray scanner) . There 
are three conditions in this experiment then: 'no feedback' , 'feedback (static image)' and 
'feedback (moving image)' . The hypothesis being tested is that feedback will increase the 
observers' performance. In the condition of 'moving image', images could be stopped, 
zoomed in and out for a detailed viewing. It is supposed that observers' performance in 
the condition of 'moving image' will be better than other two static presentation conditions. 
7.1.1 Method 
Participants 
Fourteen security screeners from Manchester airport took part in the experiment. 
Appropriate agreements for them to take part voluntarily were obtained from the 
individuals themselves as well as from the airport and security company management. All 
participants had over one year's experience as an airport screener. During the 
experiment it was found that the eye movements of two screeners were not recorded 
properly and so these individuals were excluded and are not here considered further. 
Stimuli and Apparatus 
Fifty X-ray luggage images served as stimuli. This included 25 target-present images 
and 25 target-absent images. Each target-present image contained a single threat item 
such as a gun, knife or improvised explosive devices (lED). Images were displayed on a 
21 inch monitor with a resolution of 1280 x 1024 pixels in 32-bit colour mode. Eye 
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movements were recorded by a Tobii eye-tracker (X 50) with temporal resolution of 50 Hz 
and spatial resolution of 0.35°. 
Procedure 
The twelve participants were randomly arranged into one of three groups: 'no feedback', 
'feedback (static)' and 'feedback (moving)'. Four people were in each group. Over the 
course of the experiment, participants were presented with images two times. They 
searched fifty images which were presented on screen in a random order. In the feedback 
(moving) condition the X-ray bag images moved across the screen from left to right and 
participants could stop and enlarge images by clicking buttons at the bottom of screen. In 
the other two experimental conditions, the images were presented statically and no image 
enhancement function was available. Their eye movements were recorded by an eye 
tracker when they viewed the images. Participants were asked to rate their decision 
confidence using a five rating scale after they finished viewing each image. In addition 
they were required to point out the position of any threat item if their decision confidence 
was 3, 4 or 5. 
Figure 7.1 Example of image for feedback. The circles represent the positions 
which have been received prolonged dwell in the first viewing of that image 
After viewing an image once the image was re-presented immediately to the observer 
with circles (positions were the eye movement data from the first presentation session 
indicated that they had fixated for more than the threshold fixation time of 1 OOOms) for the 
feedback groups. Observers in the 'no feedback' condition simply had a second look at 
the stimuli. They were all required to re-rate their decision confidence and again indicate 
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the location of potential threat items if they rated the stimulus image as possible 
containing a target. 
Raw eye position data were grouped into fixation points by a filter with a minimum gaze 
duration of 200ms and minimum gaze radius of 50 pixels (about a subtended visual angle 
of 2.50 on a screen of resolution of 1280 x 1024 pixels) . All fixation points with a visual 
dwell of more than 1000ms were highlighted with circles and fed back to participants for 
the second look in the feedback conditions. Participants in the feedback group were told 
that the circles represented eye positions derived from their first view of that image. 
These circles provided information for them on which image areas had received 
prolonged dwell time. Larger circles represented a longer dwell duration. Figure 7.1 is an 
example of a feedback image. The numbers on each fixation circle are the order of 
viewing of the first image inspection . Participants were asked to make their second 
judgement on the basis of eye position information . A short questionnaire concerning 
their feelings and opinions about the use of perceptual feedback was completed after the 
experiment. 
7.1.2 Results 
Performance 
The difference of TP rate and FP rate between the first look and the second look was not 
significant as shown in table 7.1. After the second look, screeners were not inclined to 
'over-read' the X-ray images with information about the eye position circles. Detection 
performance was analyzed using ROe and sensitivity was expressed by the area under 
the ROe curve (Az value). All of the mean Az values of the first and second inspections 
are listed in table 7.2. The sensitivity of the first view of each participant group was not 
different as shown by the analysis of a one-way ANOVA which indicated that the 
participants in each group had a similar detection ability. A T-test analysis showed that 
there was no difference between the first and second viewing for each condition although 
the Az values of the second view were slightly higher than those for the first view. Both a 
second inspection of the same image and also the feedback of eye position data could 
improve screeners' detection performance; however this appeared not to be the case. 
Also the screeners did not detect more threat items through using image magnification in 
this study. 
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Table 7.1 Res[!onses on various thresholds and corres[!onding FPF and TPF 
Experiment 
conditions Threshold First look Second look 
TP FN TN FP (TPF. FP F) TP FN TN 
~1 100 0 0 100 (1. 1) 100 0 0 
~2 88 12 28 72 (0.88. 0.72) 84 16 34 
No ~3 54 46 60 40 (0.54. 0.40) 60 40 63 
feedback ~4 37 63 93 7 (0.37, 0.07) 43 57 86 
=5 11 89 97 3 (0,11 , 0.03) 21 79 96 
~ 1 100 0 0 100 (1 , 1) 100 0 0 
Feedback ~2 87 13 30 70 (0.87, 0.70) 87 13 33 
(static) ~3 46 54 69 31 (0.46, 0.31) 50 50 66 
~4 33 67 87 13 (0.33, 0,13) 34 66 88 
=5 16 84 97 3 (0.16,0.03) 21 79 96 
~ 1 100 0 0 100 (1 , 1) 100 0 0 
Feedback ~2 86 14 27 73 (0.86, 0,73) 86 14 27 
(moving) ~3 53 47 69 31 (0.53, 0.31) 55 45 70 
~4 24 76 87 13 (0.24, 0.13) 27 73 86 
=5 12 88 98 2 0.12, 0.02) 11 89 96 
Table 7.2 The mean overall Az value of each ex[!erimental condition 
Az value 
Experiment conditions 
No feedback 
Feedback (static) 
Feedback (moving) 
First view 
0.669 
0.656 
0.644 
Second view 
0.686 
0.672 
0.648 
FP 
100 
66 
37 
14 
4 
100 
67 
34 
12 
4 
100 
13 
30 
14 
4 
(TPF. FPF) 
(1 . 1) 
(0.84. 0.66) 
(0.60. 0.37) 
(0.43, 0.14) 
(0.21,0.04) 
(1 , 1) 
(0.87, 0.67) 
(0.50, 0.34) 
(0.34, 0.12) 
(0.21 , 0.04) 
(1 , 1) 
(0.86, 0.73) 
(0.55, 0.30) 
(0.27, 0.14) 
(0.11 , 0.04) 
Each participant viewed 100 images including the fi rst and second view of each and this 
took about forty to forty-five minutes. There is then a possibility of fatigue affecting the 
data. Such a tiredness effect was explored by comparing the performance on the first 
half of images to the second half images over the course of the experiment. A T-test 
showed that there was no difference between the two halves in all experimental 
conditions; no matter whether a fi rst or second view. This is not surprising since 
screeners generally view each bag in less than 10 seconds and during routine screening 
they spend about 25 minutes examining bag images before taking a break so the number 
of stimuli in this experiment does not then exceed the routine screeners' workload. 
However, it might be considered that participants felt bored by searching the same 
images twice with immediate feedback. 
Decision time 
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The mean of decision time for the first and second inspection was 8.24s and 3.43s 
respectively. Figure 7.2 shows that the decision time for the second view was clearly 
shorter than for the first view in all decision categories of the three experimental 
conditions. A T-test indicated that the difference between the first and second view was 
significant, p < 0.001 . For the first view, the decision time for the 'feedback (moving)' 
condition was longer than the 'no feedback' and 'feedback (static)' conditions. This is 
because images in the condition of 'feedback (moving)' passed across the screen from 
left to right and participants needed to stop the image and interacted with the image by 
clicking buttons to move image or magnify it for better viewing. 
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Figure 7.2 Decision time of the first and second image viewing on the basis of the 
decision categories in all three experimental conditions. 
Eye movement data 
Eye position data for the static images were processed as in the previous experiments. 
For the moving images, eye position data were needed to be analysed with regard to the 
speed of the moving stimulus bag image and then for feedback these data were 
re-presented overlaid accurately over the bag image. For the second view of perceptual 
feedback, if the images moved as in the first view condition the circles wou ld be added in 
one by one until the first view ended (the duration is the viewing time of the first view) , 
which might disturb the observers' second view. For considering these reasons, the 
images for the second view were static images with circles representing the image 
locations receiving prolonged dwell. 
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Table 7.3 E:r:e data and hit rate on threat items in all three eXE!erimental conditions 
Sensitivity No feedback Feedback (static) Feedback (moving) 
onAOI First Second First Second First Second 
view view view view view view 
Time to TP 992 640 1215 611 4365 688 
first FN 1121 1125 1697 1066 4962 836 
enter Gun 1433 1042 1980 1302 6005 1610 
AOI Knife 1322 1813 1375 228 7542 815 
(m sec) lED 868 646 1271 651 3662 524 
Dwell TP 2706 974 3174 731 4027 1032 
time on FN 1587 638 1374 242 2112 422 
AOI Gun 1631 993 1773 328 2974 305 
(m sec) Knife 640 113 678 208 1221 190 
lED 2895 1031 2871 635 3813 1108 
Gun 0.75 0.9 0.75 0.8 0.75 0.85 
Hit rate Knife 0.4 0.45 0.3 0.3 0.45 0.45 
lED 0.52 0.55 0.42 0.47 0.48 0.50 
Total 0.54 0.6 0.46 0.5 0.53 0.56 
Table 7.3 shows that the dwell time on the AOI for the first view was longer than that of 
the second view (feedback data concerning moving images was not here included for 
analysis) , p < 0.05. Dwell time on knives was always shorter than on guns and I EDs in the 
conditions of 'no feedback' and 'static feedback', p < 0.05. Most of the knives were 
missed due to search errors (see table 7.4) . Most of the IEDs were missed due to 
interpretation errors in the first view while recognition error and search error clearly 
increased in the second view. Participants were inclined to scan images quickly in the 
second inspection phase even though information on eye positions was presented on 
images for second judgement. A Chi-Square test indicated that the hit rate on guns was 
higher than for knives and IEDs in all experimental conditions, p < 0.05. 
Table 7.4 Missed errors in all three eXE!erimental conditions 
Total Percentage of missed threat item in three miss t~l2es 
Experiment number Search error Recognition error I nteq:>retation error 
conditions of miss 
error Gun Knife lED Gun Knife lED Gun Knife lED 
No F* 46 2 11 2 7 11 13 2 4 48 
feedback S* 40 0 20 15 5 8 32 0 0 20 
Feedback F* 54 2 19 13 2 4 20 5 4 31 
(Static) S* 50 4 26 30 4 2 26 0 0 8 
Feedback F* 47 4 11 0 2 9 15 4 4 51 
(Moving) S* 44 5 20 20 0 5 34 2 0 14 
F* - first view; S* - second view. 
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Figure 7.3 Survival curve associated with TP, FN, TN and FP decisions for the 
pooled cumulative cluster gaze data in conditions of 'no feedback' and 'feedback 
(static), 
The median dwell time of cumulative clusters for each decision category in the first view 
are listed in Table 7.5. Data for the experimental condition of 'no feedback' and 'feedback 
(static), are pooled together here. Both TP and FP decisions tend to be associated with 
the longest dwell time. TN decisions tend to be associated with the shortest dwell time 
while FN decisions are only slightly longer than the TN decisions. In order to explore the 
threshold with a larger proportion of FN decisions than TN decisions, survival analysis 
was employed to study the distributions of dwell time. The survival curve represents the 
percentage of cumulative clusters that fall into a given dwell duration . From the survival 
curves in Figure 7.3 if the 800 ms threshold is used, the ratio of FN and TN is only 1.1, but 
at 1000 ms it increases to 1.6. The 1000 ms threshold would provide a clear 
discrimination of FN and TN responses. It is noticed that under 20% of the FN image 
areas would be fed back at the threshold of both 800 ms and 1000 ms for airport 
passengers' X-ray luggage images. In the study of Krupinski and her colleagues (1998), 
more than 30% of the FN image areas were circled for perceptual feedback at the 1000 
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ms threshold for chest, mammography, bone trauma and bone fracture search. It is the 
possible reason that perceptual feedback does not work in the task of airport security 
search. The FN image areas for feedback are not enough to shift the negative responses 
to a correct positive response. However, if the threshold is increased , the ratio of FN and 
TN will reduce sharply although the FN image areas for feedback increase. 
Table 7.5 Median cumulative cluster dwell time (ms) associated with TP, FN, TN and 
FP decisio::.:.:ns;:-.,...,._--, ____ =,-__ =,-__ =,-__ = __ 
Decision category TP FN TN FP 
Median 632.75 587.50 568.50 700.00 
Table 7.6 Percentage of each category on each question. 
Rating Percentage of each category (%) 
scale Ql Q2 Q3 
1 0 10 10 
2 10 0 0 
3 10 10 40 
4 20 40 40 
5 60 40 10 
Questionnaire about perceptual feedback 
Ten screeners (6 female) filled the short questionnaire about their feelings and opinions 
about perceptual feedback (see appendix 11) after they had finished the feedback 
experiment (either static or moving). From the questionnaire some general information 
about their subjective feeling of the utility of feedback was obtained. Participants were 
asked to choose an answer from a five point rating scale from 1 - 'extremely negative 
attitude' to 5 - 'extremely positive attitude' for perceptual feedback. Table 7.6 lists the 
questions and their answers. More than half of the participants (60%) liked this kind of 
eye position feedback and most people (80%) thought the feedback was useful for 
enhancing their abilities of threat detection. However, half (5 persons) thought that the 
circles of eye position feedback disturbed their viewing. They further pOinted out the 
possible reasons could be the fixation circles should be more 'transparent' and the 
fixation circles are too big. Also participants gave the suggestion that not only eye 
position feedback but also image enhancement should be provided . Screeners did not 
adapt to searching for threat items in the X-ray luggage images without any image 
enhancement. Almost every participant complained that some areas of the images were 
too dark to look for objects clearly. Performance analysis indicated that the screeners' 
performance was not enhanced by perceptual feedback while most participants liked it 
and thought it was useful. Therefore, perceptual feedback associated with image 
enhancement is a possible training method to improve screeners' detection abilities. 
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7.1.3 Conclusion 
The perceptual feedback experiment lasted for four days at Manchester airport which was 
supported by a lot of screeners. Although the results showed that the screeners' 
performance was not enhanced by eye position feedback, enormous information was 
extracted to improve the experimental design and training system. Most of the screeners 
felt that the eye position feedback was useful to help them detect threat items in X-ray 
luggage images, but the method of feeding back the circles used here was found not to 
be useful. However, the screeners were used to employing image enhancement functions 
for searching these images. Such enhancement was not used here as it was judged to be 
an additional factor to control. It is possible that eye position feedback associated with 
image enhancement would be an effective training method. The performance of 
screeners who viewed images with the enlargement function was not better than other 
groups without any assistant functions. A lot of complaints were made that the 'Image is 
too dark or I can't see anything in the dark area'. It is therefore essential to improve image 
quality or process the image and make dark areas clearer or 'more transparent'. 
Screeners had the ability of making a decision in a mean short time of 8.24 seconds. 
Although they were asked to search for a gun , knife or an lED in the introduction to the 
experiment they also reported searching for liquids in the images. This was due to the 
changing security scenario in the UK where liquids have also become a potential terrorist 
threat. Unfortunately the images used in the study did include some bottles and this was 
a limitation of the stimuli. It had been impossible to obtain liquid-less images prior to the 
study. The hit rate for guns was the highest and most of the IEDs were missed due to 
interpretation errors. Lack of knowledge about explosives could be one of the reasons for 
this so that it is necessary constantly to update threat items or else built a comprehensive 
threat item library for screeners. 
The inspection time for the second look was very short (mean 3.34s) so that it was 
suspected that eye position information was not processed very carefully by the 
participants. If the feedback images with circles are provided to observers' for the second 
look after all stimuli have been examined, they might be more interested to them than 
they viewed them twice without any break. Half of the participants thought that the circles 
disturbed their viewing and that these 'fixation circles should be more transparent' or 
'fixation circles should be smaller' . The feedback algorithm time of 1000ms was 
supported from this experiment. Therefore stimulus locations with dwell duration longer 
than 1 OOOms will be circled and fed back to participants. The form of feedback would only 
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be to encircle the potential target areas of long dwell duration with smaller and more 
transparent circles. 
7.2 Experiment 6 - Improved perceptual feedback 
The results of the airport experiment using perceptual feedback showed that there was 
no difference in performance between the first and second viewing of the image, and 
between perceptual feedback and no feedback . This contrasts with research from 
medical imaging which has shown that perceptual feedback can be useful. The reason for 
this could be that: 
1) Immediate feedback did not work. Observers were asked to view same images 
two times consecutively so that the second images with the information of eye 
positions were not viewed carefully and thoroughly and most of the decisions 
(92%) in the first look were kept in the second judgement; 
2) The form of feedback (semitransparent circles) might disturb observers' second 
search. The more transparent circles were recommended by observers; 
3) The difference between medical images and airport X-ray luggage images: for 
example, the medical knowledge and anatomical information are employed for 
each medical image inspection. And this might lead to the different search pattern 
and dwell time between two kinds of images which would influence the results of 
perceptual feedback. 
A laboratory experiment about perceptual feedback was designed for the preceding 
possible reasons: 
1) Firstly, participants viewed 30 images with an unlimited time. After a break (5-10 
minutes), half of the partiCipants were only given a second look at the image as a 
control condition ; the other half viewed images with eye positions. Feedback 
images were displayed for 10s as the maximum time and participants were not 
allowed to terminate the presentation in less than 5s. A dialog box for 
decision-making appeared on the screen by pressing the keyboard after 5s or was 
automatically displayed after 10s of presentation. 
2) More transparent circles are provided to observers (figure 7.4). 
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Figure 7.4 An example of an X-ray luggage image with feedback circles (the circles 
represent areas with more than 1000ms fixation duration). 
7.2.1 Method 
Participants 
Twelve staff and students from Loughborough University took part in this study. They 
were inexperienced for this task and had normal or corrected-to-normal vision. 
Stimuli 
The stimuli were thirty X-ray luggage images including fifteen target-present images and 
fifteen target-absent images, which were selected randomly from the previous airport 
experiment using perceptual feedback. 
Procedure 
There were three conditions: no feedback, delayed feedback and immediate feedback in 
which stimuli were displayed two times. There were four participants in each condition . 
For the first two conditions the second presentation was provided after a short break 
when the first inspection of thirty images had finished. Delayed feedback was compared 
to immediate feedback to find out whether delayed information of eye positions played a 
positive role in the second judgement. Areas with long dwell duration (" 1 OOOms) were 
circled and presented to observers in the feedback conditions. Participants searched 
each image with an unlimited time for the first inspection while in the second inspection 
the minimum display time was five seconds before decision-making was allowed and this 
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was controlled by a computer program. Images were displayed randomly for each 
participant in both the first and second inspection period . 
7.2.2 Results 
Performance 
Performance was measured using the A, value. It was found that the performance during 
delayed feedback and immediate feedback was worse than the no feedback condition . In 
order to examine whether participants in the three groups had the same detection 
baseline, a one-way ANOVA was used and this showed that the performance difference 
amongst the three groups was not significant. 
Table 7.7 Res~onses on various thresholds and corres~ondin!l FPF and TPF. 
Experiment 
conditions Threshold First look Second look 
TP FN TN FP (TPF, FPF) TP FN TN FP (TPF, FPF) 
~1 60 0 0 60 (1 , 1) 60 0 0 60 (1, 1) 
~2 45 15 23 37 (0.75, 0.62) 53 7 18 42 (0.88, 0.7) 
No ~3 14 46 37 23 (0.23, 0.38) 19 41 36 24 (0.32, 0.4) 
feedback ~4 7 53 50 10 (0.12,0.17) 13 47 47 13 (0.22, 0.22) 
=5 4 56 59 (0.07, 0.02) 7 53 60 0 (0.12, 0) 
~ 1 60 0 0 60 (1, 1) 60 0 0 60 (1 , 1) 
Delayed ~2 57 3 4 56 (0.95, 0.93) 58 2 3 57 (0.97, 0 .95) 
Feedback ~3 14 46 31 29 (0.23, 0.48) 18 42 29 31 (0.3, 0.52) 
~4 8 52 51 9 (0.13, 0. 15) 7 53 51 9 (0.12, 0.15) 
=5 2 58 58 2 (0.03, 0.03) 3 57 59 (0.05, 0.02) 
~ 1 60 0 0 60 (1 , 1) 60 0 0 60 (1, 1) 
Immediate ~2 51 9 8 52 (0.85, 0.87) 51 9 8 52 (0.85,0.87) 
Feedback ~3 16 44 33 27 (0.27, 0.45) 22 38 32 28 (0.37, 0.47) 
~4 8 52 52 8 (0.13, 0.13) 10 50 49 11 (0.17, 0.18) 
=5 2 58 58 2 (0.03, 0.03) 3 57 56 4 (0.05, 0.07) 
The difference of TP rate and FP rate between the first view and the second view of the 
three experimental conditions was not significant. Information about eye positions did not 
improve the observers' hit rate and naive observers did not 'over-read' the X-ray luggage 
images in the feedback conditions. Figure 7.5 shows that the overall detection 
performance of na'lve observers was very poor, essentially worse than chance. The mean 
hit rate was only 0.25. The FN rate was very high for the first look and the second look, as 
shown in table 7.7, which might be the reason for the poor detection performance of the 
naive observers. Since the naive observers were inexperienced about object 
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knowledge, they were not able to detect most of threat items and thought these images 
were of normal bags. This indicated the importance of learning object knowledge and 
image features in this security search task for naive observers. Although more FN image 
areas were provided to observers than TN image areas in the perceptual feedback 
method, the naive observers could not change their FN decisions into TP decisions 
presumably due to a lack of knowledge about threat item appearances. This also 
indicated that the perceptual feedback technology might play a positive role in improving 
detection performance with the increasing object knowledge of threat items and everyday 
objects in passengers' luggage items. Performance did not increase much after the 
second inspection no matter whether feedback was provided or not. A t-test analysis 
showed that the performance difference between first and second viewing of the images 
was not significant in all three conditions. This indicated that the method of eye position 
feedback (delayed or immediate feedback) as implemented here did not improve 
detection performance. 
Table 7.8 Percentage of responses of TP, FN, TN and FP of the laboratory and 
air~ort feedback ex~eriment 
Conditions Lab eXfJeriment AirfJort eXfJeriment 
ResfJonses TP FN TN FP TP FN TN FP 
No First view 23 77 62 38 50 50 68 32 
feedback Second view 32 68 60 40 58 42 70 30 
Immediate First view 27 73 55 45 42 58 70 30 
feedback Second view 37 63 53 47 43 57 68 32 
Delayed First view 23 77 52 48 
feedback Second view 30 70 48 52 
-------
The decision performance data are presented in Table 7.8. There was an increase in the 
TP rate from the first viewing to the second viewing . However, the increase was simi lar 
amongst the no feedback, immediate feedback and delayed feedback , 9%, 10% and 7%, 
respectively . This indicated that eye position feedback did not improve threat item 
recognition in the X-ray luggage images; delayed perceptual feedback did not enhance 
the TP rate either. It seemed that tiredness and interference from the first viewing were 
not the reasons for the poor utility of perceptual feedback. 
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Figure 7.5 ROe curves of first and second viewing in the no feedback (FB), delayed 
FB and immediate FB conditions; FPF and TFP corresponding to five point 
confidence ratings of first and second look. 
Decision time 
The mean decision time was 17.03s for the first view and 11 .31 s for the second viewing 
of the images. Figure 7.6 lists the rate of decision time between the first and second 
viewing in all three experimental conditions. A t-test analysis showed that the decision 
time of the first viewing was significantly longer than that of the second viewing for all 
decision categories, p < 0.05. The decision time of the second viewing with immediate 
feedback was the shortest one in comparison with no feedback and delayed feedback 
conditions. 
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Figure 7.6 Rate of decision time between first and second view based on decision 
categories of no feedback, delayed feedback and immediate feedback 
Eye movement data analysis 
Somewhat different from the 'immediate feedback' condition , participants of the 'no 
feedback' and the 'delayed feedback' conditions were not inclined to fixate and dwell on 
targets quickly in a second viewing. Table 7"7 shows that in the 'immediate feedback' , the 
time to first enter AOI and the dwell time on an AOI of the second viewing were shorter 
than that of the first viewing; although these were not significant Participants were asked 
to view the same images two times consecutively is one possible interpretation of this 
finding . The analysis of Chi-Square test showed that the hit rate for guns was significantly 
better than for knives and IEDs in the 'no feedback' and 'immediate feedback' conditions, 
p < 0.05. Generally, the time to first enter the knife AOI was longer than the time to first 
enter either a gun or lED AOI; while dwell time on a knife was shorter than the dwell time 
on a gun and lED in both the first and second viewing (see table 7.9) . Asterisks indicate a 
significant longer time to first enter the knife AOI and a shorter dwell time on the knife 
than on the gun and lED targets in the same experimental condition as determined by 
t-test analysis , p < 0.05. Knives in images were slim and small in comparison with guns 
and IEDs and this could be the reason that the time to first enter a knife AOI was longer. 
Table 7.10 shows that in all experimental conditions search errors mainly happened on 
knives , which decreased the recorded dwell time on a knife. Most of the IEDs were 
missed due to interpretation errors which means that participants cannot recognize them 
- although they fixate on them for a long enough time. 
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Table 7.9 E:le data and hit rate on threat items in all three ex[!erimental conditions. 
Sensitivity No feedback Dela~ed feedback Immediate feedback 
on AOI First Second First Second First Second 
view view view view view view 
Time to TP 2668 1790 1654 2161 2016 1210 
first FN 1913 1961 1849 2190 2865 1920 
enter Gun 2961 2751 2288* 3209 2910 1898 
AOI Knife 5373 4736 5129* 3679 4528 2109 
(msec) lED 1385 1276 1097* 1629 2249 1499 
Dwell TP 5011 2867 4515 5064 4107 2563 
time on FN 3924 2823 4053 2000 3403 1464 
AOI Gun 4272* 1741 2197 2759 2674 2536* 
(msec) Knife 425* 1149* 713* 1324* 1593* 691* 
lED 5398* 3765* 6077* 3504* 4562* 1994* 
Hit rate Gun 0.75 0.92 0.5 0.67 0.42 0.75 
Knife 0.08 0.08 0.17 0.17 0.25 0.25 
lED 0.11 0.19 0.17 0.22 0.22 0.28 
Total 0.23 0.32 0.23 0.3 0.27 0.37 
* Indicated time to first enter knife was longer than that of gun or lED; and dwell time on 
gun was shorter than gun or lED in the same condition by t test, p < 0.05. 
Table 7.10 Missed errors in all three ex[!erimental conditions 
Total Number of missed threat item in three miss t~~es 
Experiment number Search error Recognition error Inter~retation error 
Conditions of miss 
error Gun Knife lED Gun Knife lED Gun Knife lED 
No F' 46 0 7 0 1 3 2 2 1 30 
feedback S' 41 0 7 0 1 1 3 0 3 26 
Delayed F* 46 2 5 0 0 3 3 4 2 27 
feedback S' 42 0 7 0 2 0 7 2 3 21 
Immediate F' 45 0 7 1 2 0 4 5 2 24 
feedback S' 39 0 6 4 1 2 6 2 16 
F* - first view; S* - second view. 
7.2.3 Discussion 
The observers' detection performance was not improved in the laboratory experiment. 
However, more FN decisions were changed to TP decisions in the laboratory experiment 
than in the airport experiment, which indicated that the improved feedback method played 
a positive role in the task of threat items detection. Although the computer program could 
control the viewing time of a second look (at least 5s) this is the key for participants in 
understanding the experiment procedure in this perceptual feedback technology. 
Participants were told that the circled areas were received prolonged dwell and may 
contain information concerning suspicious features, and the areas without circles also 
should be viewed for a second decision. Some participants still asked where they should 
be looking in the second look at an image, which must reduce the role of eye position 
feedback. 
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7.3 Conclusion 
Results showed that the effect of perceptual feedback, as implemented here, in the 
airport X-ray luggage image inspection was not useful as has been reported in the 
medical domain. The difference between the two types of images should be considered 
here in considering whether such an approach could be used to improve airport security 
screening . For example, in medical imaging, each mammogram case is displayed in two 
views of craniocaudal (CC) and mediolateral oblique (MLO); and also the anatomical 
structure and medical knowledge are available for radiologists when they search for 
targets. However, in X-ray luggage images there is a lack of reference and possible 
objects in each image are independent items. It was found here that screeners paid 
attention to dark and dense image areas which then led to positive decisions and caused 
recognition difficulty. Screeners wanted such areas to be clear and any uncertainty to be 
eliminated as much as possible by image processing or enhancement of the images. 
They thought that circled areas of long dwell duration did not give a hint about object 
recognition . 
Features of threat items and images significantly affect observers ' attention allocation. 
Visual search and detection performance are influenced by familiarity with the target 
features, size and conspicuity of nodules (Kundel & La Follette, 1972). Larger and more 
conspicuous nodules receive less visual attention than smaller and less conspicuous 
nodules (Krupinski et al. 2003). Visual complexity also influences cognitive processing of 
pictorial stimuli (Alario & Ferrand, 1999) and detection performance (Schswaninger et aI. , 
2004). The following research in the next chapter will focus on the image features of 
visual search and target detection, which is discussed under the background of selective 
attention mechanisms. A saliency map approach , a production of pure bottom-up 
attention mechanisms, outlines the conspicuity of image stimuli. The relationship between 
human attention allocation and the saliency map is explored for the development of a 
perceptual method of using salient image regions as an enhanced function of visual 
search in X-ray luggage. 
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The role of a saliency map in searching for 
threat items in airport passengers' X-ray 
luggage images 
Chapter 8 The role of a saliency map in 
searching for threat items in airport 
passengers' X-ray luggage images 
The two studies reported in Chapter 7 demonstrated that the perceptual feedback 
approach did not enhance the observers' detection performance in the airport luggage 
image examination task. It was found that screeners focused on dark and dense areas 
(where potential targets may be obscured by the dense image characteristics) but they 
could not recognize these as possible targets sites even though some circled regions with 
long dwell duration were superimposed over these areas for a second inspection. 
Areas attracting screeners ' attention for detailed examination were busy areas or areas 
with special colour or a suspicious appearance - based on the questionnaire of chapter 3, 
which indicates that features of threat items and images influence object selection and 
attention allocation. This chapter will explore how the image features affect visual search 
and target recognition from subjective variables and objective measures separately. 
Additionally a perceptual method based on pure stimuli properties of a saliency map is 
examined for its effect on target detection in the airport X-ray luggage images. 
8.1 The influence of features of bags and threat 
items on detection performance 
The influence of features of bags and threat items on detection performance is 
investigated by three variables: visual complexity of bags, familiarity and visual 
conspicuity of threat items in a bag. The results will be discussed with the eye movement 
data to understand object selection and attention allocation. 
8.1.1 Experiment 7 
Participants 
Ten naive people (4 female and 6 male) took part in the evaluation study. 
Stimuli 
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Twenty single threat present luggage images were stimuli which were target present 
images used in the experiment reported in chapter 4. 
Procedures and Methods 
Ten participants evaluated twenty luggage images on a five-point rating scale. For each 
image they had to rate the overall visual complexity of the luggage item, then the threat 
item was clearly demarcated and they had to rate their familiarity with the threat depiction 
and its visual conspicuity within the image. The visual complexity of the bag was 
explained to participants as meaning 'the degree of difficulty in providing a verbal 
description of an image' (Heaps & Handel, 1999). This is a multi-dimensional concept 
which relates to the quantity of objects, clutter, symmetry, organization and variety of 
colours in an image The familiarity of a threat item in this study meant the degree of 
similarity between a participant's concept of such a threat (e.g. the X-ray image of the 
side view of a hand gun) and the shape of a threat item on the screen (e.g. the X-ray 
image of a gun as seen 'barrel-on'). The conspicuity of an object relates to object 
properties and its surroundings, such as brightness, colour, contrast, etc. The visual 
conspicuity of a threat item refers to the discrepancy between the appearance of a threat 
item and its local background - an obvious threat item should stand out from the 
immediate background. 
Results 
Evaluation data were analysed with the visual search data of detection performance and 
eye movement data which were obtained from the experiment of chapter 4. Four guns 
were used as potential threat items in this study, two of them were presented in front 
(end-on) view and the other two were presented in side view. Only one decision was an 
error for the side view gun image compared to eight incorrect decisions for the end-on 
view guns. The visual angle subtended by the gun influenced the detection rate, l = 
13.79, df = 1, P < 0.001 . 
The subjective variable 'bag visual complexity' affected the time to first enter the AOI , F (1 , 
18) = 5.72, P < 0.05, this being significantly longer for a complex bag than a simple bag. 
The total dwell time on a complex bag of 14.67s was longer than that on a Simple bag of 
12.5s, however the difference was not significant, F (1 , 18) = 1.43, p= 0.25. The visual 
complexity of bags did not influence the detection rate significantly, F (1 , 1S) = .022, p = 
0.88. 
The familiarity of the threat item did not influence the time to first enter the AOI, F (1 , 1S) = 
O.OOS, p = 0.93 or the dwell time on the AOI , F (1 , 18) = 4.36, P = 0.05. Familiarity 
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significantly influenced the detection rate, F (1 , 18) = 5.43, p < 0.05. The threat items 
detected by eight or more observers were rated with significantly higher familiarity scores 
(more familiar) than those detected by seven or fewer observers as shown in Figure 8.1. 
The conspicuity of a threat item influenced the time to first enter its AOI , F (1 , 18) = 6.06, 
P < 0.05 and the rate of dwell time on an AOI related to the total dwell time on the bag 
image, F (1 , 18) = 5.32, P < 0.05. As the degree of conspicuity of the threat item 
increased, the time to first enter the AOI decreased and the rate of dwell time on the AOI 
of the total dwell time on the image increased significantly. Threat items which were 
detected by seven or more observers were scored with a higher conspicuity (more 
conspicuous) than those detected by six or fewer observers, but the difference was not 
significant, F (1, 18) = 0.48, p = 0.49. 
Overall , the first time to enter the AOI of guns and knives (1730.73ms) was significantly 
longer than that of IEDs (778.48ms), F (1 , 188) = 11.40, p < 0.01 . The total dwell time on 
the AOI of guns and knives was shorter (3895.86 ms) than that of IEDs (7140.43 ms), and 
the difference was significant, F (1 , 198) = 19.16, P < 0.01 . 
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Figure 8.1 Number of participants detecting a threat item (e.g. two = two out of ten) 
as a function of the familiarity score of the threat item (a higher score represents a 
more familiar threat item). 
Discussion 
Three subjective evaluation variables were used to explore luggage and threat item 
features and their influence on the detection rate and visual search by na"lve observers. 
The familiarity of threat items influenced the detection rate significantly, although both the 
visual complexity of bags and the conspicuity of threat items did not. This implies that 
object knowledge of threat items is very important for detection and recognition. A clear 
definition of a target is an effective way for improving detection performance (Kundel & La 
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Follette, 1972) and training target materials should be maxim ally heterogeneous to 
ensure skill generalization (McCarley et aI. , 2004) . 
Schwaninger et al. (2004) found that the viewpoint, the bag complexity and superposition 
influenced detection performance. The present study also showed that the apparent 
visual size of a gun influenced the detection rate significantly. Target materials employed 
during training should include targets presented at difficult visual angles, even when the 
targets are assumed to be known by most people. NaNe observers knew more about gun 
and knife appearances as shown by the shorter times ('first enter AOI ' and dwell time) 
than they did about IEDs. 
The visual complexity of the bag influenced the time to enter the AOI and the conspicuity 
of threat items significantly influenced both the time to enter the AOI and the rate of dwell 
time on the AOI of the total dwell time on the bag image. This indicated, not surprisingly, 
that a complex background and an obscure target increased the difficulty of cognitive 
processing, therefore increasing the time to enter the target AOI and those two variables 
were related to each other. Threat conspicuity is related not only to targets themselves 
but also to the background. Bag complexity contributes to threat item conspicuity and 
would influence the dwell time distribution on an image. Conspicuous threat items 
attracted attention earlier in search and had longer dwell time compared to the total dwell 
time on the image. Missed targets did not appear to attract attention for approximately 
360 ms later in the time to first enter the AOI of that missed target, as compared to 
detected targets. According to most models of visual search, search begins with a global 
scanning stage and scrutiny is then allocated to selected features. One of the possible 
reasons that nafve participants allocated more attention to a conspicuous target was that 
they lacked the object knowledge of a threat item. 
Conclusions 
Na"iVe participants were more familiar with the appearances of guns and knives than IEDs. 
The visual angle subtended by a gun and the familiarity of threat items influenced the 
detection rate significantly. The complexity of bags and the conspicuity of threat items 
influenced their initial attention on target threats. Finally, observers were inclined to 
allocate more attention to conspicuous targets. 
8.2 Saliency map 
Subjective evaluation showed that stimuli properties such as the complexity of bags and 
the conspicuity of threat items influence the initial attention and attention allocation. 
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Objective measures of the saliency map, which is obtained from the pure feature maps of 
colour, intensity and orientation and builds a pure bottom-up model of the visual attention 
system, was then used to investigate how observers search threat items in X-ray luggage 
images and examined the possibility that the saliency map can be used to improve 
observers' detection performance. 
Areas attracting screeners' attention for detailed examination were busy areas or areas 
with special colour or a suspicious appearance - based on the questionnaire of chapter 3, 
which indicates that features of threat items and images influence object selection and 
attention allocation. This chapter will explore how the image features affect visual search 
and target recognition from subjective variables and objective measures separately. 
Additionally a perceptual method based on pure stimuli properties of a saliency map is 
examined for its effect on target detection in the airport X-ray luggage images. 
Itti and Koch's computational model (2000) was adopted to calculate the salience of 
fixation locations and displayed the saliency locations in our study because of its 
concision and practicality. The eye movement data both of naive observers and 
screeners in the experiment of Chapter 5 were examined in this study. 
8.2.1 Initial Visual Selective Attention 
Comparison between screeners and na·ive observers 
Both the performance and eye movement data from experiment 1 in Chapter 5 showed 
that the screeners' advantages lay in speed and accuracy when they searched for threat 
items in X-ray luggage images. In addition, screeners were faster to fixate on target areas 
than naive observers, especially for IEDs. Therefore, is there any difference in the initial 
visual attention paid to X-ray luggage images between screeners and na"ive observers? 
To examine this, the salience value of the first fixation point of the screeners and the 
na"ive observers was extracted from the corresponding saliency map to examine whether 
there was a difference in stimulus properties of the initial attentive locations. If salience at 
the first fixation location of the naive observers is greater than that of screeners then this 
may indicate that na"ive observers are more likely to be attracted by salient regions at the 
first fixation than screeners. That is, the naive observers are driven solely by the stimulus 
properties on initially viewing an image, whereas experienced screeners are driven by 
some other properties. 
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Itti and Koch's biologically pure model of bottom-up visual selective attention predicts 
where the observer fixates in a complex scene on the basis of salient areas which are 
determined by complicated processing and an algorithm. The saliency model of IUi and 
Koch was used to generate a saliency map (SaliencyToolbox, 2006). Figure 8.2 is an 
example of an original X-ray luggage image and its generated saliency map with regions 
of high salience shown in white. In order to obtain the saliency map, low level vision 
features (colour, intensity and orientation) are extracted from the input of the colour image 
at nine spatial scales from 1: 20 (level 0) to 1: 28 (level 8) by a Gaussian pyramid scheme 
After the linear filtering , the visual features are processed by centre-surround differences 
to maximize local differences and increase the spatial contrast in each feature channel to 
obtain a total of 42 feature maps. Then these multiple feature maps are normalized which 
eliminates feature-dependent factors by a two-dimensional difference-of-Gaussians filter. 
The program 'saliencytoolbox' adopts the method of "max-normalize" which maximizes 
the local difference so that the real salience value can not be obtained from the saliency 
map. For computational reasons a change was performed for normalization such that the 
salience value was scaled to range from 0 to 255. After normalization , three conspicuity 
maps for colour, intensity and orientation are obtained and linearly summed into the 
unique saliency map. 
Figure 8.2 Example of an X-ray luggage image (left) and its generated saliency map 
(right) with real salience 
For each of the 30 X-ray luggage images a visual saliency map was generated. Then the 
mean salience at the first fixation location of each participant for all images was 
calculated . The mean salience at the first fixation location of screeners and naIve 
observers was 137 and 140, respectively. The difference was not significant, t (14) < 1. 
Assessing the degree of first human fixations determined by stimulus properties 
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Whether human fixations were determined by stimulus properties was still needed to be 
examined by the saliency-based bottom-up computational attention model which 
hypothesizes that the visual saliency predicts the attention allocations. The salience 
value expected by chance alone was obtained by randomly chosen locations in the 
saliency map instead of by human fixation locations. If the mean salience expected at the 
human fixation points is similar to the mean salience obtained at the random locations, 
then it will indicate that the initial attention allocation is not influenced by stimulus 
properties. If the mean salience expected at the human fixations is greater or smaller than 
the mean salience obtained at the random locations, then it will indicate that the initial 
attention allocation is guided by the stimulus properties. 
The salience at the first fixation location of screeners and narve observers was compared 
separately to the salience expected simply by random . A t-test analysis showed that the 
mean salience at the first fixation of screeners and naIve observers was both significantly 
greater than the mean salience at the random locations, t = 14.62, df = 58, P < 0.001 and t 
= 8.39, df = 58, P < 0.001 , respectively. 
8.2.2 Overall attention allocation 
Comparison between screeners and na·ive observers 
The salience, a quantitative reference, could not distinguish the initial attention locations 
between screeners and naIve observers. The analysis here is to then explore the 
stimulus properties' dependence on the overall attention allocation of screeners and 
naIve observers. To do this the number of screeners' fixations falling on the most salient 
regions that are specified by the saliency map model is compared to the number of naIve 
observers' fixations doing the same. If the number of screeners' fixations falling into 
saliency regions is more than the narve observers', then the attention allocation of 
screeners is more inclined to be guided by stimulus properties than the naIve observers. 
If there is no difference in the number of fixations in saliency regions, then the overall 
attention allocation of screeners and na·ive observers is similar at the point of the stimulus 
properties of visual salience. Otherwise, the attention allocation of naIve observers is 
more inclined to be guided by stimulus properties than are the screeners. 
The saliency model of Itti and Koch was used to generate a saliency map which 
determines the salient regions in each of test X-ray luggage image. Figure 8.3 is an 
example of an original X-ray luggage image and its generated saliency map with regions 
of high salience shown in white. The program adopts the method of "max-normalize" 
which maximizes the local difference so that it is easy to calculate the number of fixations 
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in salient regions. In this analysis, the real salience is not important as only the proportion 
of fixations in the salient regions generated by humans and by chance is needed to be 
obtained for comparison purposes. The principle and procedure of how to obtain a 
saliency map from an original colour image are same as the description above. 
Figure 8.3 Example of an X-ray luggage image (left) and its generated saliency map 
(right) with 'max-normalize'. 
Then the salient regions were obtained from the saliency maps, such as the right picture 
of Figure 8.3. The proportion of fixations falling in the salient regions of both naive 
observers and screeners for each X-ray luggage image was then calculated and 
compared . There was no difference in the proportion of fixations in salient regions 
between these two groups, t < 1. 
Examining the relationship between human fixation distribution and stimulus 
properties 
There was no difference in the distribution of fixations in salient regions between naIve 
observers and screeners. This indicated that the guidance of stimulus properties on 
selective attention between naIve observers and screeners is similar. The screeners 
had a similar attention preference on airport X-ray luggage images as did naIve observers. 
The question can then be asked - is there a correlation between human fixations and the 
saliency map? 
To examine this , random fixations which are equal to human fixations were generated as 
a comparison condition . The number of fixations in salient regions from both humans and 
randomly generated was included for comparison (see Figure 8.4 for an example) . If the 
number of fixations of participants in salient regions are more than the number of random 
fixations , then this indicates that participants are more likely to pay attention to salient 
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regions than they were by chance which would suggest that a bottom-up mechanism 
guides visual attention. If there is no difference in the number of fixations in salient 
regions between humans and the random model, then it indicates that participants' 
attention to salient regions is no more than chance which would suggest that attention is 
not guided by a bottom-up mechanism. 
The number of fixations that landed in the salient regions from humans was more than 
that number of chance fixations, t = 4.42, df = 58, P < 0.001 , for screeners and t = 2.67, df 
= 58, P = 0.01 , for na"iVe people. This indicated that the saliency map model predicts 
human fixations more accurately than that by chance. 
, 
~ 
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Figure 8.4 Example of how to calculate the number of fixations in salient regions of 
an X-ray luggage image. Left: original X-ray image. Right: saliency map with 
fixations by human (green) and by chance (yellow). 
8.2.3 Experiment 8 - An enhanced method of salient 
regions 
The foregoing analysis indicated that humans are inclined to pay attention to salient 
regions both by an initial and by overall eye movement analysis. The following research 
will build proper salient regions in X-ray luggage images and examine the effect of salient 
regions on threat detection. 
Is threat in salient regions? 
There are 100 target-present images, including 20 guns, 10 knives and 70 IEDs, in the 
image library used in the research reported in this thesis. The saliency maps of all images 
were generated. Salient value was then tested to find out if most of the threat items were 
in salient regions. The higher the salient value, the smaller the salient regions, and the 
112 
Chapter 8 
smaller probability of threat items being in the salient regions. However, if the salient 
value was set too low, the salient regions would be very large and the X-ray images then 
appeared to be very cluttered due to lots of lines outlining the various salient regions in 
the images. Therefore it was important to set a proper salient value which made the most 
of the threat items in the salient regions and kept the X-ray images relatively clear with 
lines indicating the edges of the salient regions. 
After testing several salient values, eighty-eight threat items were found to be in salient 
regions if a salient value of 130 was set. Only twelve threat items, including three guns, 
four knives and five IEDs, were excluded from such salient regions. The threat items 
which were not in salient regions were all in dark areas and full bags. The missed guns 
and knives were very small and imaged in side or end-on views which also are easy to 
miss in normal searching of such bag images. The salient region is not a perfect method 
of detecting threat items. However, it at least provides a chance for observers to 
scrutinize suspicious areas which probably contain threat items. If this works as an 
enhanced function with other enhancement for screeners at security check-in point, it 
would potentially assist screeners to detect threat items. 
Are salient regions helpful for detecting threat items in X-ray luggage images? 
Most of the threat items (88/100) fell into salient regions if the salient value is set at 130 
(see example of figure 8.5). Therefore, if salient regions are provided to observers as a 
form of assistance for detecting threat items in X-ray luggage images, not only is it 
consistent with selective attention mechanism but it gives observers a chance to view 
these areas carefully which probably contain threat items. Salient regions could be as 
guidance for trainee in a training system and an enhancement function for screeners at 
check-in point of airport. 
The purpose of this study was to investigate whether salient regions improve observers' 
detection performance. Salient regions, generated by Itti and Koch's computational , 
bottom-up model , were drawn onto normal X-ray luggage images as stimuli of X-ray 
images with salient regions as shown in figure 8.5. 
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Figure 8.5 Example of image with salient region at the salient value 130 (areas 
circled by a green line are salient regions). 
Method 
Participants 
Nine security screeners (6 male) at the East Midland Airport took part in this study. 
Stimuli and Apparatus 
Figure 8.6 Example of X-ray luggage image with real salient regions (left) and X-ray 
luggage image with fake salient regions by flipping saliency map 180' (right). 
Stimuli were 72 X-ray luggage images, including 36 target-present images and 36 
target-absent images. Saliency maps of all X-ray images were generated and the salient 
regions of each image were obtained by setting a salient value of 130. In order to find out 
the effect of salient regions on target detection and exclude other factors , fake salient 
regions were also generated simply by flipping the saliency maps 90' or 180' when the 
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salient regions were added on to normal X-ray luggage images. The salient value of fake 
salient regions was still 130 so that the number and size of salient regions between real 
and fake were similar (see figure 8.6 as an example) . There were three groups of image 
stimuli: normal X-ray luggage images, X-ray images with real salient regions and X-ray 
images with fake salient regions. Images were displayed on a 19 inch monitor with a 
resolution of 1024 x 768 pixels in 32-bit colour mode. Eye movements were recorded by 
a Tobii eye-tracker (X50) with temporal resolution of 50 Hz and spatial resolution of 0.35°. 
Procedure 
The participants ' task was to search for threat items of guns, knives and IEDs. They 
viewed three sessions of 24 images which were 1) a session of X-ray luggage images 
without salient regions, 2) a session of X-ray images with real salient regions and 3) a 
session of X-ray images with fake salient regions For each session half the images were 
target-present images and half were target-absent images. In order to eliminate the effect 
of image difficulty, seventy-two images were divided into three sessions randomly so that 
the images were totally different between sessions, and the same type of session (e.g. 
session of X-ray images without salient regions or session of X-ray images with real 
salient regions) for all nine participants was different. A within-subject design was 
adopted and each participant viewed three sessions of images. The order of sessions 
was counterbalanced by a Latin Square design. 
Images were displayed for ten seconds. For sessions of images with real or fake salient 
regions, then X-ray images without salient regions were presented for the first five 
seconds, then images with salient regions replaced them and were displayed for another 
five seconds. After that, participants had to rate their decision confidence and indicated 
the location of a threat item if they thought one was present. Participants were told that 
areas circled by lines were called 'salient regions' which were to assist target detection. 
They were asked not to ignore these areas and that they had to scrutinize both inside and 
outside the salient regions before making a decision. Participants were asked several 
questions concerning their feelings about salient regions after each session of X-ray 
images with salient regions. 
Results 
Performance 
A decision confidence of 1 or 2 was considered as a negative answer and a decision 
confidence of 3, 4, or 5 was taken as a positive answer. Only if a decision confidence was 
3, 4 or 5 and the location was correct was the answer scored as a true positive decision. 
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Otherwise, it was scored as a false negative decision. Data were analysed by ROe 
methodology from signal detection theory. As shown in table 8.1, the TP rate in the real 
salient regions condition was slightly better than that of the no salient regions and the 
fake salient regions conditions. 
Table 8.1 Responses under various threshold; FPF and TPF corresponding to five 
point confidence ratings. 
Experiment 
conditions Threshold Responses 
TP FN TN FP (TPF, FPF) 
2:1 108 0 0 108 (1 , 1) 
2:2 92 16 43 65 (0.85, 0.60) 
No salient regions 2:3 67 41 69 39 (0.62, 0.36) 
2:4 54 54 89 19 (0.50, 0.18) 
=5 41 67 97 11 (0.38, 0.10) 
2:1 108 0 0 108 (1 , 1) 
2:2 89 19 50 58 (0.82, 0.54) 
Fake salient regions 2:3 69 39 66 42 (0.64, 0.39) 
2:4 54 54 89 19 (0 .50,0.18) 
=5 38 70 97 11 (0 .35, 0.10) 
2:1 108 0 0 108 (1 , 1) 
2:2 95 13 50 58 (0 .88,0.54) 
Real salient regions 2:3 85 23 67 41 (0.79,0.38) 
2:4 67 41 84 24 (0.62, 0.22) 
=5 50 58 94 14 (OA6 , 0.13) 
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Figure 8.7 ROC curves of X-ray images without salient regions, images with real 
salient regions and images with fake salient regions; FPF and TPF corresponding 
to five points of confidence ratings. 
The area under the ROC curve of images with real salient regions was larger than that of 
normal X-rays and of images with fake salient regions as shown in figure 8.7. Participants 
exhibited better performance when they searched the X-ray luggage images with real 
salient regions. However, this difference was not significant, F (2, 24) = 1.71 , P > 0.05. 
The hit rate for each type of stimuli was calculated . A one-way ANOVA was used to find 
out the effect of stimuli type on hit rate , which was significant, F (2, 24) = 6.42, P = 0.006. 
Post hoc tests showed that the hit rate of images with real salient regions was 
significantly better than that of X-ray images without salient regions and of images with 
fake salient images, p = 0.009 and p = 0.02, respectively. The effect of stimulus type on 
false alarm rate was not significant, p > 0.05. This indicated that over-reading of the 
images (i .e. over reporting of targets being present) was not happening when salient 
regions were added on to the images. 
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Eye movement data analysis 
The effect of stimuli types on number of fixations in the target AOI and dwell time in the 
AOI was not significant. In order to find out how real salient regions played a positive role 
in detecting threat items, the number of search errors and items of true positive decisions 
which were missed in the first five seconds which were then also fixated in the later five 
seconds were computed as shown in table 8.2. The effect of stimuli types was significant 
on the number of hit items which were detected in the second five seconds, F (2, 24) = 
3.90, P < 0.05. Post hoc test showed that the number of hit items which were detected in 
the second five seconds of examining X-ray images with real salient regions was more 
than that of X-ray images without salient regions, p < 0.05. 
Real salient regions did not reduce search errors as compared to X-ray images without 
salient regions and images with fake salient regions Interpretation errors in the real 
salient region condition (7/15 of miss errors) were less than that of normal X-rays (25/41 
of miss errors) and of the fake salient region conditions (22/39 of miss errors) . In all 
thirty-six target-present images, threat items in four images were not in the salient regions 
and these were all guns and knives which were easy to miss. Guns and knives were the 
main items missed through search errors. It is difficult to detect a gun or knife if imaged in 
a side (end) view or in a large and cluttered (full) bag. It seemed that the salient region 
could not help to solve such a problem since the saliency map is generated on the basis 
of image features of intensity, colour and orientation . 
Table 8.2 Number of search errors and true positive items which were detected on 
the second five seconds 
Types of stimuli 
Normal X-rays 
Real salient region 
Fake salient region 
Questionnaire 
Number of 
Search error True positive items which were detected on 
the second five seconds 
7 4 
7 14 
8 10 
Participants were asked to answer several questions about their feelings concerning 
salient regions in the X-ray images after they finished the session of X-ray image with real 
or fake salient regions. The first question was about whether participants liked 'salient 
regions' with a five point answer scale from 'dislike a lot' to 'like a lot'. For X-ray images of 
real salient regions, three participants chose 'dislike a lot' and one participant chose 'like 
a lot'. If their answers were scored by number, the overview attitude of all participants was 
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neutral for 'salient regions' as a form of assistance. For X-ray images of fake salient 
regions, participants' attitude was 'dislike a little'. 
The second question was about whether participants thought 'salient regions' was helpful 
for detecting threat items with an answer on a five point scale from 'very misleading' to 
'very helpful' . For X-ray images of real salient regions, participants thought its role was 
neutral in detecting threat items. For X-ray images of fake salient regions, participants 
thought it was 'a little misleading'. 
The third question was similar to the second question , while it was expressed in a more 
detailed way - whether salient regions prevent observers from searching images or 
improve the image clarity . The answer was also on a five point scale from 'very 
off-putting ' to 'improved clarity a lot'. Participants thought salient regions were 'a little 
off-putting ' in viewing the images for both X-ray images of real salient regions and fake 
salient regions. The reason of off-putting of the enhanced salient regions was: 
I) Salient regions caused too much clutter; 
2) Salient regions distract attention from the rest of bag; 
3) Need to look at a whole bag ; 
4) Salient regions add to confusion ; 
5) People did not really look at them; 
6) The colour of salient regions could be red to make the highlight better; 
7) The lines of salient regions might overlay a detonator. It is better if enhancement 
can be normally on and off; 
8) Dark area was still dark. Salient regions did not make it clear. 
In summary, participants disliked the method of enhancing salient regions in X-ray 
images and did not think it could improve threat item detection . The reason might be that 
the salient region was the only enhancement way to assist image search and it was 
different from the screeners' routine work so that participants did not adapt to it. If it 
functioned with other image enhancing functions or used in a training system, it might 
play a better role as a form of operator assistance. 
8.2.4 Conclusion 
Human fixations were more likely related to salient regions than by chance alone and 
there was no difference on the salience of fixation locations between screeners and naive 
observers on the basis of an analysis of both initial fixation locations and overall attention 
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allocation during the course of image viewing. The salient regions, extracted from the 
saliency map, contained most of the threat items in the X-ray luggage images. The 
method of producing enhanced images with salient regions really improved observers' 
detection performance of high hit rate by forCing observers to scrutinize these areas 
carefully. 
8.3 Discussion 
It was assumed here that na'ive observers were more likely to be attracted by salient 
image regions than screeners, since salience is a value based on the image features of 
colour, intensity and orientation. The results suggested, unexpectedly, that experience 
with X-ray luggage images did not lead screeners' initial attention and attention allocation 
to differ from na'fve observers at the point of visual saliency of the image. Subjective 
evaluation and objective measures both showed that human attention was influenced by 
stimuli properties. Both screeners and naive observers are more likely to fixate on salient 
regions than they were by chance alone. This indicated that selective attention, which 
drives human fixation location, had significant correlations with stimulus properties. This 
is consistent with the results of tasks involving natural viewing conditions (Parkhurst, 
Law and Niebur, 2002) and an active search for the number of people in an image 
(Henderson et al. , 2007). In the study of Henderson and his colleagues, they pointed out 
the possibility that salience is related to objects and viewers tend to gaze at objects. It 
could be the reason why human attention had significant correlation with stimulus 
salience. This then gives a chance to utilize salient regions as an assistant support for 
screeners since salient regions might highlight areas of suspicious items and observers 
were reminded to view them from the beginning of image presentation, before they 
allocated attention based on the specific task or on stimulus properties or on both of them. 
Circled salient regions were emphasized when observers made their judgement. 
Human fixation locations were significantly correlated to stimulus properties in such an 
active search task where top-down, cognitive factors were presumably strong. Although it 
could not be inferred that human attention is guided by a stimulus-driven mechanism 
since the approach of relating the saliency map to fixation location is only by using 
correlational techniques so that causality is not established between saliency map and 
fixation locations (Herderson, 2003), the preference of human gaze control provides a 
clue to explore certain assistant system for search or recognition. For example, salient 
regions which are highlighted for pre-processing is consistent with people's expectations. 
The salient regions more likely contain objects or object parts so that selected regions 
based on the saliency model reduced the complexity of matching between the images 
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and could be recognized reliably from various viewpoints (Walther et aI., 2005). Then if 
observers are given a chance to view salient regions carefully , it is possible to help 
observers eliminate the complexity of cluttered backgrounds and improve object 
segmentation for enhancing target detection and recognition with pre-processing the 
saliency levels of the key areas. 
In summary, the difference on salience of fixations between screeners and naive 
observers is not significant. Experience of the search task does not influence the 
preference of attention allocation on image salience. The attention of screeners and naive 
observers is correlated to stimulus properties. A perceptual method of highlighting salient 
regions enhanced screeners' hit rate on threat items in the X-ray luggage images. Salient 
regions extracted from the saliency map are limited to bottom-up, stimulus-driven 
attention independent of the specific task. Cognitive factors , the top-down attention 
control of visual attention , are very important in active activities such as object detection 
or recognition (Olive et aI. , 2003; Henderson et aI. , 2007 ; Turano et aI. , 2003; etc). 
Cognitive knowledge related to attention is not addressed in this study and is an ongoing 
work. 
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Conclusions and future work 
Chapter 9 Conclusions and Future Work 
9.1 Summary 
This chapter summarises the fundamental contributions of the research presented in this 
thesis. After describing the outline of the general airport security screening procedure, 
training and essential knowledge and skills by a questionnaire, the factors of both time 
pressure and X-ray image features were investigated to understand this visual search 
task. How visual skills and knowledge are developed was explored by the comparison 
between screeners and naive observers when they completed the search task, and an 
experiment about practice and transfer. The method of perceptual feedback was 
examined in its application to airport X-ray luggage image examination. The saliency map, 
based on pure bottom-up model of visual attention, was introduced to assist screeners to 
detect threat items. 
Based on the questionnaire of Chapter 3, training is important for learning the features of 
X-ray luggage images and the shapes of threat items, operating the screening system, 
reading various enhanced images and understanding the essential qualities of an airport 
security screener, which are essential knowledge and skills for this search task as well . 
The disadvantages of the existing training systems include the training materials are old, 
the quality of images is not good and training is not long enough. Screeners generally 
search each bag in five to ten seconds. They did not think they had scanning strategies, 
while their attention is focussed on dark or dense areas , wires, electrical materials, liquids 
and bottles. It is difficult to make accurate decisions about whether a threat item is 
present or not in full or cluttered bags and so hand searching of such bags is required in 
this situation . 
Understanding the search task is the first step to improving detection performance. The 
environmental factors of time pressure urge observers to adopt accelerated, filtering 
strategies to cope with limited time, but the cost is in Significantly decreased performance. 
Observers were inclined to fixate on target areas more quickly and were faster to detect 
and recognize targets than they were in an unlimited viewing time situation, as shown in 
Chapter 4. It is suggested that trainees should be trained under a time-stressed 
condition to guarantee high detection ability in real work situations. Accuracy and speed 
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tend to be negatively related so that work experience under such time pressure highlights 
the special search strategies which are different from scanning in a free search condition 
and so this approach might be an aid in this demanding task. 
X-ray luggage image features significantly influence the search pattern and performance. 
In Chapter 8, the features of X-ray luggage images and threat items were subjectively 
measured by the three variables of visual complexity of bags, familiarity and visual 
conspicuity of threat items in a bag, which were analysed with detection performance and 
eye movement data. The time of first entering target areas was influenced by the visual 
complexity of bags and the visual conspicuity of threat items in a bag. For complex bags, 
and obscure threat items in a bag, observers would take a longer time to first enter target 
areas than that of simple bags and conspicuous threat items in a bag. Also observers 
allocated more visual attention on conspicuous targets. Hit rate was positively related to 
the familiarity of threat items. Initial attention, attention allocation and object selection are 
affected by the features of images and targets. 
It is a shortcut of extracting expertise by comparing novice performance with that of an 
expert. The performance of screeners was significantly better than naive observers when 
they completed the simulated search task in Chapter 5. The scanning of screeners was 
more efficient and simpler than naive observers: a shorter first time of entering target 
areas, shorter dwell time on targets and fewer fixations. Screeners not only recognized 
objects quickly but also were able to ignore irrelevant content in the images. However, 
naive observers had to sample objects one by one until they found the target or make 
sure that every item in the image was of a normal object. Naive observers were able to 
achieve detection performance as good as screeners if they viewed images of threats 
which were similar to the subsequent test items, but they had to take a longer time to do 
so. Search skills were not improved by viewing images of threat items alone. Not only 
knowledge of threat items is very important but also reading a certain high number of 
images is essential for this search task. 
In Chapter 6, the detection performance of naive observers was enhanced significantly 
with specific-stimuli practice. But the enhancement only partly transferred to relatively 
similar targets. Eye movement data revealed that observers were able to fixate on targets 
and made decisions quickly in transfer sessions, but the hit rate was not better than the 
first practice session. Performance and the skills of visual search were improved by 
frequent exposure of stimuli in the search task and transferred more to similar objects 
than to dissimilar items with a novel shape. Familiarity of the search task and features of 
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the X-ray luggage images helped observers adopt relatively simple scanning strategies 
so that search speed was accelerated. Massive amount of targets of threat items should 
be included in training since the hit rate was very low when novel objects were 
introduced. 
Perceptual feedback, a method of improving detection abilities in the medical domain by 
providing eye positions feedback for a second look, was not found to be an effective way 
of enhancing performance of searching threat items in X-ray luggage images, as shown 
in Chapter 7. A feedback algorithm which significantly maximizes the rate between FN 
decisions and TN decisions was obtained by survival analysis. Delayed feedback was 
introduced in order to eliminate the effect of tiredness by immediate feedback. Screeners 
who took part in the feedback experiment thought that the circled eye positions did not 
provide any hint of how to recognize the dark or dense areas in the images and most of 
their original decisions were kept in the second inspection of each image. There is a 
difference between medical images and X-ray luggage images, and the manner in which 
feedback was implemented here might be reasons why negative results were obtained 
when perceptual feedback was used to assist threat detection in airport X-ray luggage 
images. Alternatively, it may be that in the original medical image research that showed 
positive effects of such feedback the experimenters were successful because of some 
reason that they have not reported and may not be aware of. 
The saliency map, derived from low-level image properties , correlates with human initial 
attention and attention allocation, as shown in Chapter 9. The attention of naive 
observers was not more relevant to image salience than was screeners' attention. Salient 
regions of one hundred target-present X-ray luggage images were calculated and it was 
found that most of the targets were in salient regions when an appropriate salience level 
was set. The highlighted salient regions were provided to screeners when they searched 
for threat items. It was demonstrated that this perceptual method can enhance the 
screeners' hit rate. It is argued that the reason for such performance enhancement could 
be: 1) the way that the highlighted salient regions are consistent with human visual 
attention mechanism; 2) most of the salient regions contained threat items. 
Wooding 's visualization techniques of 'fixation map' was expanded , using Matlab in which 
the height of each fixation was weighted by its duration in this thesis. The fixation map 
visually expresses the spatial and temporal distribution of eye movement data of naive 
observers in search conditions between unlimited time and searching under a time 
pressure in Chapter 4, and the difference between screeners and naive observers in 
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Chapter 5. For images with a positive decision, the fixations of naive observers in the 
unlimited time condition were more concentrated than in the time pressure condition. 
They dwelled on target areas for a long time during unlimited time while attention had to 
be evenly distributed all over the image under a time pressure. The fixation map showed 
that the screeners ' scanning was more effective than naive observers. Screeners fixated 
on potential target areas for a long time and they were able to ignore some objects or 
quickly process information in the images. Naive observers fixated on items one by one 
so that a lot of objects in images were dwelled on for a long time. The fixation map 
approach is a good technique to view attentional allocation and object selection of a 
group of observers. 
The eye movement experiments in this thesis all indicated that most of the threat items 
were missed due to interpretation errors. Not only naive observers but also screeners 
fixated on threat items for a long time but they still missed them. Missed IEDs accounted 
for most of the interpretation errors while most of the knives were missed because of 
search errors. It is proposed that an image archive contain·lng enormous numbers of 
X-ray luggage images and threat items should be built as a training system for enlarging 
stimuli knowledge since the search for threat items is stimuli specific. Frequent exposure 
of stimuli is a good source of obtaining object knowledge and search skills while the cost 
is time. A perceptual assistant of salient regions is able to accelerate obtaining 
knowledge and skills of search so that the function of salient regions is an effective 
enhancement when a trainee reads a large number of images for perceptual experience. 
9.2 Future work 
Airport passenger X-ray luggage images examination is a complicated and 
multidisciplinary field . It is clear that not all aspects of this task could be encompassed in 
this research. Some findings also put forward new questions. It thus appears promising , 
for example, to make circled areas of salient regions clear for object identification. This 
leaves room for future studies. 
The research about practice and transfer in this thesis highlighted the design of a training 
system. If the number of stimuli with threat items in this experiment is increased, the 
result of the effect of stimuli-specific study would be generalization. Due to the limitation 
of the number of X-ray luggage images and threat items in this research which were 
provided by QinetiQ, only eight guns, eight knives and eight IEDs were selected for actual 
detailed study. Although visual search was more effective when novel targets were 
introduced, recognition ability does not transfer to unseen objects. In future studies, threat 
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items could be classified into several levels based on the degree of transfer if a large 
number of threat items served as stimuli , which provides a direction for building stimuli 
archive in a training system. 
After the experiment using perceptual feedback, participants thought that circled areas of 
long dwell duration did not give any help about how to identify the items in these regions. 
Therefore, perceptual feedback should be used with other enhancement functions , for 
example, image processing of the circled areas. Not only perceptual prompting of how the 
image is processed but also image processing plays a mobile and active role in object 
recognition . 
Salient regions from the saliency map only consider pure stimulus properties in the 
search and object recognition task. Another interesting aspect of the active search task is 
top-down attention. Although the low level visual saliency and the allocation of attention 
correlate (which is proven in Chapter 8), high level information gained from image 
information (Stirk and Underwood, 2007) , task motivation (Oliva et aI. , 2003; Henderson 
et aI. , 2007), task-relevant information (Land and MeLeod, 2000; Land and Lee, 1994) 
and so on may also play an important role in eye movement control. It is unclear so far, 
how and how much cognitive factors such as task goal, semantic interpretation of the 
image and memory of similar viewed scenes play a role in the active search task. It is of 
course relevant to object selection and recognition other than the visual properties of 
stimulus. It is not important whether it is cognitive factors that dominate the fixation 
locations or stimuli properties that guide eye movements. There is no doubt that cognitive 
factors , top-down information combined with perceptual, stimulus-based assistance 
would yield further support for improving detection performance. Research about the 
interaction between bottom-up and top-down attention has profound implications for the 
efficiency of visual search of threat items in X-ray luggage images. 
The scanning pattern and visual search in this thesis has only been compared by 
traditional eye movement data analyses approaches, for example, the time of first 
entering the AOI , the dwell time on the AOI, fixation duration, fixation number and so on. 
Fixation map analysis shows the eye movement allocation of a group of observers by 
qualitative analysis and subjective comparison. The fixation location similarity metric 
introduced by Mannan, Ruddock and Wooding (1995) compares the spatial proximity of 
fixations derived from unique two sets of fixations (e.g. screeners' generated and naive 
observers' generated). Eye movement data between screeners and naive observers can 
be compared by the method of fixation location similarity metric to figure out the 
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difference of visual search parameters between experienced and inexperienced 
observers. Although it is impossible to gain the direct suggestion about how to move the 
eyes to detect targets from such quantitative analysis, it would be interesting to simulate 
or model the scanning path of experienced observers for training or other purposes by the 
analysis of fixation location similarity metric. 
Enhancing airport screening performance is now open to a wide range of new research. 
Inspired by the present findings , it does not only appear promising to explore further the 
perceptual and cognitive supports for searching threat items in airport X-ray luggage 
images. Large image archive, updated images, frequent perceptual exposure and 
performance feedback must also be considered highly rewarding. Eye movements should 
again provide valuable insight into the perception processes and the underlying cognitive 
structure of such a complex search and recognition procedure. In conclusion, there is no 
doubt that this field of research still provides a large number of aspects for exploration in 
the future . 
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Airport luggage screening questionnaire 
Thank you for offering to take part in our research. This is a very short questionnaire 
which will only take a few minutes to complete. We are studying how airport security 
screeners examine X-ray luggage images to try and understand what knowledge and 
skills are essential for this task. This information will then help us to develop new training 
systems to aid future security trainees. 
The information and personnel data will be confidential and only be used for this research 
purpose and then it wi ll be destroyed. 
Please complete the following :-
Age: 0 20 - 30, 0 31 - 40, 0 41-50, o 51 - 60, 0 61 - 70 
Gender: o Male o Female 
How many years have you worked as a screener? o years and 0 months 
The following questions are open questions. Please w rite down your opinion or 
feel ing as much as possible. 
1. Did you take part in any training course before becoming an airport security 
screener? 
Yes 0 NO D 
2. Was this training useful or not? 
Yes 0 No 0 Don't know 0 
3. Can you describe the shortcomings of any training course or training system that 
you are familiar with? 
4. Can you describe the advantages of any training course or training system that 
you are familiar with? 
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5. Do you think training helped you to detect threats in luggage X-rays? If so how 
did it? 
vesO NOD 
6. Generally, how long does it take you to examine an X-ray luggage image when 
the airport is busy and lots of passengers are coming through? 
0-5 secs. 0 6-10 secs. 0 11-15 secs. 0 
16-20 secs. 0 21 -25 secs. 0 25+ secs. 0 
7. Do you think you take longer to examine luggage items when the airport is not so 
busy? 
vesO Don't know 0 
8. Do you have a routine method in examining images? E.g. from left to right, top to 
bottom etc.? 
Yes 0 NOD 
If yes -I usually ..... . 
9. Generally, what features of objects in the X-ray luggage image attract your 
attention or help you make a positive decision? 
1 o. What do you think causes you difficulties in reaching a decision when examining 
luggage items? 
11. Do you usually examine an image before you turn on any image enhancement 
functions? 
ves O No 0 Don't know 0 
12. What image enhancement features of the screening X-ray machine do you find 
most useful? 
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13. What image enhancement features of the screening X-ray machine do you find 
least useful? 
14. How long do you feel you can examine effectively before you need a break? 
15. What aspects do you think need to be trained before someone becomes qualified 
as an airport security screener? 
16. What information and skills are most important for enhancing the detection ability 
of screeners? 
17. What kind of knowledge and skills do you think you use in examining X-ray 
images? 
Thank you for taking time to answer these questions 
130 
Appendix 11 
Questionnaire 
Having taken part in the study we would like to ask you a few simple questions about the 
perceptual feedback which you have had and whether you liked it. 
1. Do you like this kind of eye position feedback? 
1 
Dislike 
2 
A little dislike 
3 
Neutral 
4 
A little like 
5 
Like 
2. Do you think it is useful of this kind of eye position feedback training for enhancing 
detection ability? 
1 
Useless 
2 
A little useless 
3 
Neutral 
4 
A little useful 
5 
Useful 
3. Do you think these fixation circles disturb you so that you can not view the image very 
well? 
1 
Disturbing 
2 
Kind of 
Disturbing 
3 
Neutral 
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4 
Kind of 
Un-disturbing 
5 
Un-disturbing 
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